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ABSTRACT 

The' present study investigated the, effect of two external condi- 

]■ • ■ - * 

♦ tions on the learning of .principles by children. The &cternal 

' cond;Ltibns were instructipn on the major concepts related in the 
principle and the number of teaching examples (correct applications) 
and teaching nonexamples (incorrect applications) of the princ4ple 
presenl!:ed with a statement of the principle. 

„ Subjects were 159 fifth-grade students of average ability and 
socioeconomic status. Two principles from each of two subject matters 
(matHiematics and language art|) served as thel content of the learn^ing 
task. I One principle frotiveach subject matter/was. designated as ''^easy" 

* and one as "difficult" on the basis of -ptevijpus research. 

The principles were presented in printed^, self-instructional 
lesson booklets. Several versions of the booklets were prepared in 
whicjh the instructional variables of interest were systematically 
varied. Variations in the type of lessons read by thia^subjec ts con- 
stitj(ited the experimental conditions. Mastery of the ' principles wag 
determined by tests designed to assess subjects' knowledge of .and 
ability to apply the principles. • ^ 

/ In general a, ratidiially selected set of examples and nonexamples 
was -found to be more facilitative than one example, although it was 
cbncluGed that for easy principles providing one example was equally 

c • , . ' ' 

^effective as a rationally selected set when instruction on concepts 
/related in the principle* was also provided. Main effects for instruc- 
/ tion. on concepts related in the principles were not found' to be 

"significant; ^the .conditions associated with this unanticipated result 
were discussed. 

• ' ■■ 10 • 
. • . lit 
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^ 'Chapter I 

' " > INTRODUCTION • . 

Cinceptual "learning and development has become a topic of • 
increasing interest to both psychologists and educators in recent years. - 
A large and growing body of literature in the area comprising a variety 
of theoretical viewpoints and empirical investi^tions currently exists. 
Additionally, several practical, applications of existing knowledge to 
the classroom\eaching situation have bean prqposed (Klausmeier & 
Feldman, 197A(^ausmeier , Ghatala, & Frayer, 197A; Markle & Tiemann, 
196^, 1972; Tennyson, Woolley, '& Merrill, 1972),. 

The great majority of the literature on concept learning, however, 
deals with the acquisition of discrete, isolated concepts. .While many 
concepts may indeed be learned in isolation, particularly during the 
early- years of! life, mostS concepts taught in sdhools and acquired by 
adults are learned within .the context of generalized subject matter 
areas which consist of sets of related concepts^ How related concepts, • 
or more accurately the relationships between or' among concepts, are . 
learned and can most effectively be taught is thu? a topic of some! 

importance. _ , . * , ■ ' ■ ' 

Two general types of relationships between or among concepts' have 
been described in. the literature. The^fii^st is th^t found in taxonom<c 
concej^.tual systems involving supraordinate a,nd subordinate' cla8se$. The 



second ineludes any statement of relationshiR between two or piore con-^ 
'cepts which is used to define a more inclusive concept or express a 
composite idea. Statements expressing composite ideas are commonly 
called such things as principles, rules^* axioms, or., laws^^^e' present 
study deals with how relatriouships of this second type ate learned. 

The research reported iix this dissertation" is part of an ongoing 
research project focusing on concept learning being carried out at the - 

^ ' • *■ ♦ S 

Wisconsin Research and Development Center for Cognitive* Learning. The 
project is designed to increase Iknowledge about stimulus <\(ariables and 
cognitive operations related to concept .attainment both in^the laBoira- 
tory al^d in the classroom. One o& the major results of this* research 
program is the Model of Concept Learning and Development (CLD)^ which 
haB been pr^s^nted in detail by Klausmeier, Ghatala, and Frayer *(1^74) ♦ 
The CLD-podel was conceived of as a framework upon which. to base further 
research and instructional design, .and as such it has served *as a guide 
and impetus fo^r a variety of empirical investigations including the 

i 

present study. ^ ^ * 

In the CLD ^model ^concept learning is treated as a complex form of ' 

learning that can be subdivided into four hierfirchdcal levels. Th^se 

levels represent levels in attainment of the same concept and ca*n be 

distinguished from each other oh the^^a^s of the cognitive operations 

involved in . the a t tainment of each one • In ternal and external condi— - 

tions* of 'learning related to the specified levels and , the possible uses 

and extensions of attained concepts are also described in the model.. 

,> 

•The four levels of concept attainment specified in .the OLD mod^i 

• . • ^ * * ' 

are concrete, identity, classif icatory, and formal. Each level 



represents knowledge at^pt a particular concept at a higher * level^ of 



vxir ;u V ^-v^^^ . * \ 't^ ^. ^ 

V K ' -\ s'' * ^ C ^ ' - 

" ihclusivenesB atid aUstractness. Attainment, at the concrete level is 

* inferred, when the -lea'rtier ^^cognizes an object that he or she has 

encountered previously^ * A*tta;ininent at the identity level is inferred 

" - . ^ , 

••^ ' . , ^ * 

/ . when the learner recog'nize's the'prevlously encountered oJ)ject even 

whert seen from another perspective or sensed^ 4.n a different modality. 

♦.^ Attainment £^t the cl^ssUficStory level is inferred when the^ learner is 
- i ' » ' - * • ' • . I 

able to. identify a^t-I.e^st tr^o dl^ereat' :ex^mples of a concept as 

belonging to the same set or class, even though he or she may not be 

. /' - . . ' i 

able to name the attribilte(s) common to them. Finally, attainment' at 

the formal Ifevel is Inferred when the learner caji name the C9ncept and 

each of its defining attributes, correctly classify examples and non- 

examples, and describe the basis of the classification in terms of the 

defining ajttributes. . , - 

A CQncept .attained only at -the concrete or identity levels may be 

" ^ ' , V 

used in solving simple, perceptually based problems. However,^ once a 
concept has been learned at the classificatory or formal ^levels it may 
be Used to* cognize rel^ttions among the concept and other concepts,' 
either subordinate-supraordinate or principle relationships, and also 
to sojve sophisticated -problems. 
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The present study is concerned with t-he use of concepits In principle 
relatiort^hips. Specifically, the study focuses upon two instructional 
variables tfeat are hypothesized* to affect principle learning. *The first 
is instructi9n on each gf thet main concepts that are related in the , 
principle.^ ,Sliat this is potentially anf important variable in principle 
teaching follows directly fronl the CLD model /and also from the work of 
Gagne (1970) and Ausubel and Robinson (1969). The second variable is 
the number of tea'ching examples (correct applications) and teachjlng 

■ ■■ • ' ; . i3- ■ ' 



, nonexamples <incorrect applications) that are presen.ted',with a 'staxe- 
* ment of the principle. Previbus research (GagnS and Wii^gand, 1968) has 
shown that very "simple" or "e^sy" principles can be mastered from a 
statement of the principle and one example. However, there is some indi-' 
cation that a single example is insufficient When "complex" or "difficult" 
principles, are being^ learned (Anderson,' 1973) . In the^esent study the 
use of a "rational set" of examples and nonexamples (Karkle and Tiemann, 

19:69) was extended from concept teaching to the teaching pf principles. 

' » / 

It was expected that the presentation of a rationally selected ^set of.^ 
* . ' f . 

teaching examples and nonexamples of a .principle would result in signifi*- 

^ cantly greater mastery of difficult principles than^ would result from the 

-* . .presentation of a single example. ^ - , . 



/ 



- ^ - Method ' ' ^ y \ 



Subjects were 159 fifth-grade students who studied a serie^^ of two 
printed less??^-! -'Several versions of the lessons wete prepare^ £n which 
the instructi^al variable-s of interest were systematica^lly varied, Vari-, 
ation's in the type of les^sons presented: to the subjects constit.ut<ed the V . 
experimental cbnditions. , y ^ . * ' ^-^ * '^l 1 'J- *i 

language ar ' " 



f 



Two principles irro^each 6f *t>ra subject matters (mathematics and 

ts) served as the .cpnteix-t^ of the .leajfning task. One principl^. ' 
u>iect matter was selected to be either .".eaisy" 'ar ^'difficult!'; 



from, each su])j 



on the basis- of .previous emptrical'^rfesMts'.''^^ V. . ; ^ y { . , . ^ ^ ^ , 



/^.^ 

SpWects read 1^l]ie'4^ Xessdh^. ^9]^ session/, . • 

After completioa'of th?:.J:e,s;Sorts, suba^cfs. wet^eS'^^Si'^^Jt.a* ted}: whigh. assessed;/ \ . 
their knowledge of and ability to apply ^fcK^':prdS^^ T^^ entire, . ^ . ^ 

session of two lessons and the /test admini^.-f^i'^it'^piiied li|tw^jj\ 45 , ♦JLV ; \ 

minutes and one hour. "7 .J "^/^ ; •Vjr( 1 »t '\ • T 

-vfev 11 t-v ■ '.V- ■ ■..■^■VjH 
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V-.' ■ - ,,/ 

/ Twoj analyses. of covarianc^^and appropriate post hoc comparisons* \ ^ 
• \ " , \ ' ' 

wete used to? analyze '^'the data. .The covariata^ vas a reading ^achievement 

' * Bcore drawn from' a standardized test. One analysis of »covariance was / 

f carried 'out on the total scores on the knowlledge items while the other 



A, ' ' 



,^iialysis of covaxiance was carried o.ut on. the total "scores on the' 



/ 



application items. „ , ^ 



/ 



Purpose agd Hypotheses of the Study 

The purpose of the present study was to investigate the effect^ of 
. several instructional' cbnditjpns on principle learning. The following ] 
• specific results were 'hypp^the sized: - l;^' : /■ 

'/^h<[^ (1) Easy principles. would xb^. mastered more fully then^dlf f^cult^ > 



A 



\ 



' - \ ' 7"'!^ (2) Subjects instructed on the separate concepts contained In* the 

y. y . ' - -'"^ ' , , ..^ . \ ' A ^ 

* * J principles^wQuld perform significaikly better than, subjects - 

*. 'not receiving' B'uch instruction. - ' / 

(3) Subjects givep a">tatement of the principib and either a 
/ rationally selected set of examples , and nonexamples or one 
example would perform significantly .better , than control sub- 
jects who did not receive' a statemenV of the principle or any 
iHu^^^^ive ^stances. ^ 




"^4) (a) Tox a difficult- principle a rationally selected set of 

" 

' examples and nonexamples .wpu'ld be miore f acilfitativ.e than one 

' . ' 

- .^^ ^example regai;dless bf whether subjects had received instruc- 

^ . tion on the conc^epts or n^^t. . 

^ ' (b) For a simple principle a rationally selected Set of 

examplW and nonexamples would be equally eff ective\ as- one 
• ' > / ^ ' 

^ examplfi^if subjects had received instruction on the concepl;s 



1 ..^ ' i 



cofttalijed in^the principle." However, if /^^b'jects had not 

• • ■ • ' - 1 . ■ ' • 

f .received instruction on the target concepts, a rationally^' 
/ selected set would be more facilitative thaiv oiiia examine.. 

Significance of the Study » 

• i ^ ' ' . 

. Gagne has stated that principles are probably the major organiziijg 

• -i • • • ^ , ^ ^ , • ^ 
facltor, and quite possibly the primary one, in intellectual functioning" 

(1970, p. 190-191) > Yei very little i-s known about how these Important 

f-dctbrs are learned'* Knowledge of the effect of the instructional vari- 

ables. studied in this experiment .thus could have important Implications 

foi the theory of principle learning. 

' I The present study also has potential significance for teacjiers and 
*ather curriculum developers concerned wTth the external conditions of 
priiioiple learning in classroom settings. The re.sults 
of /this study and other similar studies, dealing with the effect of 
instructional variables on principle learning tould form the basis for a 
^set of guidelines for effective teaching of principles. .Such a set of 
guLdelines could be a valuable advance in the theory *of instructional ' 
design. " ,. 



Chap'ter II * ' 

REVIEW OF RELATED LITERATURE 
The Nature of Principles 

A principle is a relationship amonjg two or more con^ep.ts. Typically 
principles define a more comprehensive concept^, express a composite 
idea, or explain a procedure. A broad range of phenomena from many dis- 
ciplines may be described in ;this way: rules that^ pertain to language, 
mathematical statements, scientific principles, 'and so on. 

The external representation of a principle is a verbal statement. 
However, the principle is not the 'verbal statement; it is the "idea" 
expressed in the statement. A le'drhed rule is what^>Gagne (1970) calls an 
"internal state" of the individual, "an inferred capability that enables , 
the individual to respond to a class of stimulus situations with a class 
of performances" (p*..19LJ.. The learner may even acquire a particular 

principle without beit^'able to verbalize a statement of it. Gagne's 

# >' 

♦ ; ♦ • • 

example clarities^ these issues: ' 

The individual respond's to a class of stimulus situations (2 + 
. .3, 3 + 4, 7 V 5, and so on) with a class of perf opparifces (3 + 
2, 4 + 3, 5 + 7, a,nd so on) that are 'predictably related to the 
stimuli of a, relation that may be expressed as "independence of 
order." The rule that governs this behavior may be represented 
by the statement, "adding the class of numbers a_ to the class-' of 
num%)ers Jb i^ independent of the order in which a and b^Jare com- 
bined." It may be noted that we as external ob server s,^f may 
represent the rule by this verbal statement. In fact, we must , j 
represent it in some way if we are going to t^k about it. How- 
ever, we do. not know how the individual being observed would 
represent the rule, and at this point^we are not concerned with 
that question. What .is observed" is that the individual rejsponds 



regularly tq^ a large class of specific situations; in other 
words, he applies a rule [pp. 191-192]. 



An Individual's unde;r standing of a principle may differ from the 
meaning of that principle generally accepted by his or *her society. 
Thus, princV^les fiinction both as mental constructs, of individuals and 
as publicly defined entities (Klausmeier , Ghatala,.& Frayer, 1974). 
It is, of course, the publicly defined meaning of a ptihciple that is N 
taught In 'th6, classroom and presented in reference texts. - 

' . Klausmeilt and Goodwin (in press) have identified s^' dimensions 

\ 

along which all principles vary. The authors consider the^e to be the 

1 • 
defining attributes of the term principle. These, diujensions are: 

learnability, the ease with which a principle can be learned; usability, 

the usefulness or range of applications of a principle in reasoning or 

understanding new phenomena; yalidity, the extent to which experts 

I 

agree on the meaning bf a principle; generality, the degree to which a" 

j 

principle subsumes other (subordinate) pri.nciples and concepts; power, 
the extent to which a principle facilitates or is essential to the 
learning of other principles; and structure, the nature of the relation- 
ship of the coticepts contained in the^,principle. 

Once an individual has 'learned a principle he or she begins to ^ 
exhibit principle-governed behavior. That is, in Gagne^s (1974)' words, 
tlie individual begins to respond to entire classes of stimuli with 
classes of responses. ' Eor. example, the indiviHual wtio has learned the 
rule of "independence oflorder** will be' able to apply that rule to' any 
combination of numbers in any order regardless of whether the situation 
is novel or one with whidh the learner is familiar. 

also provides the individual with a basis for 



Learning a principle 



understanding and relating uew phenomena, predicting consequences, and 



solving principle-related questions (Klausmeier, Gh\atala, & Frayer, 
1974) • The principle 1>ecoines a tool for reasoning in these situations. 
Thus, "if dne has the concepts of desert , irrigation , and alfalfa lincf 
if one also understands various relationships among nutrients, water, 
and alfalfa, ,one can predict that alfalfa will grow in a desert region 
when ^ater and certain nutrients are supplied under proper cojiditions" 
(Klausmeier, Ghatala^ Frayer,^ p. 169)n Obviously, the more usable 
and powerful b principle is to an individual the more valuable it i^ 
as a cognitive tool*^ . 

Summary , A principle is a relationship among two or more con- 
cepts. While principles are generally represented by verbal statements, 
it is thee idea expressed by the r^l&tionship' and not the verbal state- 
ment which actually constitutes the principle^ Principles , vary among 
eacTi other along six dimensions. These dimensions^^arB learn^bility, 
usability, validity, gener-a^ity, power, and structure. After a 
principle has been learned the individual is able tb apply the principle 
to novel situations and also to use the principle as a cogniltive tool , 
for reasoning and understanding. 

Classifying Principles ^ ^ - 

As was pointed out in the previous section, a great variety of 
phenomena irom disciplines as disparate, as religion and sports are * 
called principles. This diversity makes a meaningful classification pf 
principles across subject matters difficult to derive. .Only two 
^classification schemes have been proposed, both of which are based in a 
general sense upon the structure of the principle. The. first has been 

t 

* proposed by Klausmeier, Ghatala, and Frayer (1974) and the second by 
.G?sne (1970). . ' . • ' 



mustneier, Ghatala', and Frayer suggest that principles 'can be 

classified on the basis- of the general type of relationship that they 

express. Four classes ot typefe of principles are defined in this way 

by the authors. These types are causal, probabilistic , correlational , 

and axiomatic . The first three imply specific relationships.. C|usal 

principles .express a cause and effect relationship and can be stated* 

in an "if-then'' form. ' Probabilistic principles express the probability 

of a particular event occurring and permit actuarial prediction'. 

Correlational principles express the likelihood of tHe joint occur- 

rence of two or more events. The fourth classification, axiomatic, 

does^not imply a particular relationship. Axiomatic principles are 

defined simply as principles that are stated as '*givens" in the fonp 

of generally acclppted ax4.oms. The specific relationship expressed by 

an axiomatic principle may thus be anything other than causal, 

probabilistic, or correlational. . ' • ' 

Klaustneier, et_ al . , include a variety of examples to illustrate 

their* classification schema; A few of these examples follow: 

Causal ; Tuberculosis is ^caused by the organism myobacterium 
tuberculosis . ' ' 

Probabilistic : The probabili^y of getting a head on any one 
toss of a coin is .50, given that the coin is 'fair. 

Correlational ; Sample correlations between* twd sets of scores 
^ ' on standardized reading achievement tests of the same 
children taken at yearly intervals during dhe succes- 
sive elementary-school years range from .70 to .90. 

Axiomatic ; ^^ouns can 'be classified according to their use in 
a sentence; nouns are frequently used as the subject 
of a sentence or as the direct or indirect object gf 
a verb. 

Undoubtedly, the majority of pi^inciples taught in the classroom 
fall into the axiomatic classificartion. Bernard (1974) Jjas identified! 
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^veral subclasses of the category which lend suppc^rt to this idea. 

A ' • ' ^ ' 

TheBe subclasses are what he calls fundajnentals, laws, rules, theorems, 

A' ■ . - ' . ■ / ■ 

and axioirts. . * ' ' ^ • ^ 

Fundamentals are principles whic^h are essential to the basic 
structure of a discipline or philosophy. Such statements as ^'mechani-^ 
zation jLs the secret to America's greatness" or "all men are created 
equal" would.be classified as fundamentals. LWs are either scientific 
laws stating relationships among physical pjienomena such as "enthalpy 
ife the intern^al energy of a system plus the product of the pressure .and 
volume^ of the system," or societal laws which dictate conduct. Rules 
ar^' primarily principles related to language arts, for exam'ple^,^ rules ^ 
of punctuation. However, the term also can be applied -to informal, 
personal statements of behavioral expectation such a6 "wash [ypur] haods 
befor^^Q^ng to tl^ table." .The terras theorenfs and axioms refer pri- 
marily to mathematical statements, although axioms also can be used in 
reference to wtiat most people regard as "common sense" truths, for 
example, "nothing is as dead as yesterday's newspaper." 

Gagn^'s (1970) classification system is less sophisticated than 
that developed by KlausmepLer; Ghatala, and Frayer (1974), but in some 
ways it is d niore useful' framewo/k* within , which to" consider how , 

principles can be taught most effective!,^. However, the two are not / 

^ ' />' 
mutually exclusive, and Gagne's sbhem^ can be seen easily ^as a furtl^fer 

/ 

-way of classifying each of the four types of principles Klausmeiep^ e^ 
ait describe. - / ' 

' • ^ ' / ' 

Gagne distinguishe*s, bet\teen what he calls "simple" and "g-omplex" 

princj.ples (rules in Gafene's terminology). TheVdistinction is in part 

\ / * 

-.simply a structural one. fhe more complex a principle the greater the . 



/ 
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number ^of Mtec^^^of , which it is composed. The structurally simplest 

principles relate onlLy two concepts in an "if A'then'B form."| The mpre • 

complex principles may even relate two or more simpler rules in add.itioa 

* • 

to"a large number of concepts. ^ . ^ ^ . 

* Complexity is also defined by Gagne in terms or abstractness. 

Complex rules involve subtle discriminations and abstract concepts (pre- * 

sumabiy concepts for which there are few readily perceptible instances ^In 

the' environment) . Simple rules do not involve subtle discriminatiofis and 

rel^ts^' concepts that are not considered abstract* The simplest rules, 

according to Gagne, are the ones which the young child leai;ris. 

^ Examples of what Gagne *calls a simple and a compipx rule wjvich show , 

Jfhe dual combination of formal structure and*^abstractness tb the determi- 

-natioo of complexity- are the following: 

S'imple rule: Round things roll. 

• Complex rule: Metamorphosis occurs when the larva of an insect 
turns 'into a pupa. ' ^ 

....^..^^^ V * . ' \ 

While the number of concepts (or simpler rales)^^of which a 

.pri3icip\e Js composed is an objective and easily applied measure of com- 

plexity^abstractness is not. The degree of abstractness of a rule or 

concept must deper^ upon the particular society one foculsej5 on, a 

particular individual's experiences within that society. .^atid . a good deal 

of subjective judgment.^ "While a lawyer mfght consid^r|the term^"enthalpy'' 

highly abstnract and difficult to understand, a physical chemist would . 

'nol:^ Without an operational way of 'defining abstract o\ complex Gagne^s 

sqh^a becomes less, useful than It potentially could be. 

" 'Sumflfary > A great variety of statements are calaed principles.* -Two 

*generaL schemes have been proposed for classifying tlSeseh statements. 

Th^e first, suggested by Klausmeier, Ghatala-, and Fra3|^r {^^^n\ categorizes^ 
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principles on the basis of the type of relationship that they express. 
Fc|lr ^types of relationships are mentioned: causal, probabilistic', 
correlational, and axiomatic. The second, suggested by Gagne, classi- 
fies principles in terms of complexity. Thrfmore complex a principle 
the greaPter the number of concepts it relates and the more abstract 
those concepts are. ^ ' 



The Learning of Principles - * 

Being able to recii^te the statement of a principle does not Imply 
that the principle has been learned. The statement of a principle can \ 
be rotely memorize4 witttdut the principle itself being attained. 
Rather, learning of a principle implies that the idea^ expressed by the 
principle has been meaningfully understood and that it can be applied 
or demonstrated. * , 

Ausubel (1963, 1968) and Ausubel and Robinson (1969) have described 
internal mechanisms and prerequisite conditions that underlie the mean- 
ingful learning of» principles, or "propositions" in their terminology. 
The major prerequisite condition is that the proposition must be relatable 
to existing facts, ^concepts, propositions, theories, and raw .perceptual 
data in. what Ausubel aria Robinson ca,ll the learners' existing "cognitive 
structure." If file new material is relatable in, this way, and the learner 
is motivated to do sp, the proposition will become meaningfully 
incorpora'ted into his or her cognitive structure and hence learned. 

•There are three general types of relationships that can hold 
between newly acquired propositions and the learner* s cognitive structure 
a^:cording ^o Ausubel and Robinson. ^ The first kind of relationship is a 
subordinat^ one. This is the most common relationship existing between 
new material and established ideas. When a subordinate relationship is 
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formed, the new proposition becomes subsumed under existing and more 
inclusive ideas in cognitive structure, There^re in turn two kinds of' 
subsumption, defined by the type of material being incorporated. In 
derivative subsumption the new proposition is merely an illustration of 
an already established, more inclusive proposition, or can be derived 
from an existing proposition. In correlative subsumption, however, the 
new'material elaborates? extends, ^modifies, or qualifies previously 
learned ideas. For- Example, if an individual has teamed' the concept 
parallelogram and then learns the proposition "the opposite sides of a 
parallelogram are equal in length", by relating the -proposition to his or 
her understanding of what a parallelogram is, the individual's concept 
of parallelogram will be modified and extended. 

The second type of relationship that can -hold between new material 
and the learner's cognitive structure is a supraordinate one. The new 
material wh^ch is' incorporated stands in a more inclusive relationship 
to existing ideas and, o^iqe learned, subsumes those ideas. The supra- 
ordinate proposition may be developed inductively from existing sub- 
ordinate material or it may be simply presented to the learner. This , 
latter approach, Ausubel ^nd Robinson point out, is the method tjrpically 
used by teachers and textbook writers. General and inclusive material 
is presented first followed by more partiodlar and subordii^ate ideas. 

The third and final type of relationship, combinatorial , results 
when a new proposition bears neither a subordinate nor a supraordinate 
relationship to existing cognitive , structure but does consist of -a 
combination of "previously established ideas that can be related to a 
broad background of material in the learner's cognitive content. 
Ausubel cities as examples literary metaphors and scientific modelsv He 



/4 T 

suggests, for instance, that to explain* the 'derivatibn of the perio^ pf 
a .peiKTulum one might, point out to students well versad In both fee oiAe try \ 
and Newtonian mechanics that the penciulum can be considered structurally 
equivalent to a line se^ent and a Newtonian particle. Known principles^ ' 
relating to geometry and the movement of Newtonian particles can then be 
^ used to explain the formula for the perioc^of a pendulum. 

Gagne (1970), like Aii sub el 'and Robinson, ^so argups that principles 
must be relatable/to previously learned* material if they are to bje 
meaningfully attained.' However, he makes his point sctoewhat ipo^'e 
precisely by stating that it is t^e concepts related by the principle 
which .tmist have been learned previously for the principle itself to be 
meaningfully incorporated. ' ' ' ^ 

The idea that learning subordina^^^ncep ts is an essential pre- 
requisite to, principle attainment follows directly from Gagne s 

' description of what he feels are the eight basic types qf learning. 

\ " 
These are signal learnigg, stimulus-response learning, chaining, verbal 

^^soclation, discrimination learning, concept learning, rule (principle) 
learning, and problem^ solving (Gagne, 1970). 
\ According to* Gagne the eight types of learning are distinguishable 

from each other in terms of the conditions necessary for their 
. occurrence, and each one involves a different internal capability on the 

p;^rt of the learner. The internal capabilities,* and hence the corres- 

« 

i poi\ding learning types, are hierarchical and cumulative. With one ✓ 

exception (signal learning is not a prerequisite for stimulus-response 
learning), each capability ^.S:v a prerequisite for the next higher-order 
capability. Thus, concept learning becomes a prerequisite for rule 
learning, which is in turn a 'preraquisite of problem solving. 
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*The model of concept learning and development (CLD) proposed by 
Klausmeier, Ghatala, and Frayer (L974) likewise indicates that individual 
concepts must be learned before any statement of relationship among those 
concepts can* be understood and used. Moreover, in a cross-sectional 
^^ study (Klausmeier, Sippl^, & Allen, 1974a, b) designed to validate the. 
model direct support for this central i^a was demonstrated/ A • 
Briefly to reiterate (see Intro4uction), the core of the CLD model 
-consists of four successively higher levels, ^at wjiich concepts may be ^ 
attained. Each successive level represents knowledge about concepts at* 
a higher, degree of inclusiveness and abstractness. .The levels are 
concrete, identity, classif icatory , .and formal. 

The cross-sectional study carried out to supply external vfl^ity ' 
for the model involved about 800 students from four grade levels Jtftinder-' 
gar ten, third, sixth, and ninth grade). StilSent^ par4:icipa\ing in the \ 
Study we^e drawn from the ^public school population of two suburban ^ 
Wisconsin communities and they'were judged to be typical of s^dents-from 
similar cpmmuniti^s. throughout the state. Principles were ^sel^epted Srom 
three substantive areas and they werS^in general axiomatic. Unde^eft 
of the major or key concept in each principAe as .well as knowledge of the 
principle ^itself were tested. A tyi^ical principle, v^ith ma jj^r^coiKiept 
underlined, is the following: All equrlateral triangles a4:e similar in , 
shape. \ 

Based ,on the results of the research the^^thors'^sljow^d that not^ 
until the major conc^t contained in a princlplW was attained at the 
classif icatory leffc were even small proportions or^tudents able 'to 
answer questions correctly ^at tested their knowledge of and ability to 
apply the; principle. Two conclusions can be drawn from tl\is finding^ 



Firfitfi at least the major concept (or. concepts) of 'a principle must be 
familiar to the learner if *the principle Is to be .ioeaning fully learned. 
Second, the. key concept (s) must have been attained at least at the 
classif icatdfy level alid preferably, at the formal. 

"In-addition to stating that the conc^ts related in a principle 
must be known to ,the learner, Gagn^' (1970) has arso^pecifiedij= several 
conditions within the learning situation which must be met for pr^jiciple 
learning to take place.- The first type of condition Gagnp calls an 
internal condition of the learner. Conditions related to the learning 
situAion he refers to as external conditions. External conditions are 
essentially instructional variables. ' 

The external conditions which Gagn^ sees as important in principle 
learning, presented in sequential order, are the following: 

(1) The general .nature of the desired terminal performance in most 
cases whould* be stated* This serves a dual purpose. It insure^ 
that the learner will know when he or she has 'finished learning, 

•and it provides the learner with a means of obtainihg immediate 
reinforcement for the desired terminal act. The principle itself 
is not stated; only the kind of performance that demonstrate 
its attainment. For example, an instructor teaching the principle 
"round things roll^' mi^ht begin "instruction by spying, "I want -you 
to answer tha question, 'Wfiat kinds ^of things roll?'^" 

(2) The learner should be eiicouraged to recall relevant concepts 
related in the^ principle . 

(3) Verbal cues>.f or ^the^^pHnciple^BS. a whole are given, which, 

« 

depending on length, rmay be an exact verbalization of the principle 
If the principle is very complex it may be necessary to break it 
Into simpler parts and present each part separately. 



(5) (Optional) The learner is ac§W'd:.t?o -state the prir^cip;Le, This i 
condition is included only so ^^bait 'the 'learner will be able to dis- ' 
CUSS the principle using complete and accurate terjgjnology at some^. 



later da^te, Gagne makes clear that it is no.tr.aii essential part of 

/ . ■ ' 'y' ■ ' 

principle learning itself. ^-^z . 

The importance' of providing > with a statement of the principle, 
labeled examples (cdrrect applicatioii;s) .kvA possibly nonexamplea (mis- 
applications) for the learner to sjudy, is not discussed by G^gne. 

i. A : - : ,./• 

However, he: does suggest that whei\; the concepts .relaited in;^ja principle 
have beent' thoirbuggjry learned the^ pirlnciple itself can be attained from 
its statement alone and oh 'a single occasion. *^Gagn6 (1970) points out 
tha£ fojT aj^ul?;s. (and'Jrfesumably m^ older children) the external condi- 
tioiis^ofvlfriAciple' learning "are of j:en reduced to pri>nted statements of 

"<^^-;<'" . . - - 

the prli^^Jfe^ig^tex^^ If the concepts- related in the principle 



have been welX7JL^r^ed,\G^^gjie argues, "one may suppose that the adult 
who has the iiltetitioti f:o .doieo can learn the new rule entirely from the 
verbal stateme«:kiritSeifVi (G^e, 1970, p^ .197). 

Summary. A 'piliiciple x^isaid to ^be learned when the itlea expiessed 
by the principle is meaningfaJU[^ understood aiid cari.be applied oj demon- 
strated. Internal and/or ^xtr^^&'J conditions of priiipiple learning liave 



been described By Ausubel and Robinson. (3:969), Gagnd. (1970), f and 
Klausmeier, Ghatala, and Prayer (1974.) ♦ The major internal condition, 
which is supported^by empirical evidence, 'is that. the concepts that 
are related ,in the principles,must be attained (at least at the cl^ssifir:. 
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cato\y *level) before the principle can be meaningfully incorporated. 



External conditions refer to the learning -situation and are essentially 
Instm/ctianal variables. If the m^jbr internal condition has been ful- 
filled, Gagn^ suggests, the necessary external conditions reduce to a 
statement of tjie principle. * ^ 

Developmental Considerations V ' * * 

Very young children have difficulty understanding relational 
structures (Flavell, 1970). . For example, expressions such. as "brother 
.of," "darkeV,'' and "middle-sized" are taken to be names for objects 
Sharing common properties instead of' relations between objects. A 

s 

young xihild' taught which of two gray objects is the darker may continue 
to select that object as. the darkei; one even when placed next to a 
blacjc object becausa,,tttejadj.ective ".darker" is taken to be the name of 
1\J.' ^ii^ objec^rrand- ndt^a'^S.esctiptlon of the relative saturation of a hue. 
Pifget'/tl'928) has attributed the young child^'s difficulty with the 

relativity iyf- relatiops to cognitive egocentricity. Young children are 

• I ■ . * - 

Ainable to envision multiple perspectives or points of view and hence 



misconstrue relations between concepts as absolute classes. 

According to Ifavell (1970), children develop a inasti^ry Of the 
fundamental propertdje^ of relations during the elementary school yfears, 
although their ability ^tp grasp complicated relationships involving 
sophisticated reasoning may not develop until adolescence. Suppdrt for 
this contention comes from the research described by Klausmeier, Sipple, 
and Allen (1974a, b) discussed earlier. The authors report that the 
number and proportion of students successfully able to deal with \ 
questions designed to assess cognition of principles increased 
positive^with age. By the ninth grade the majority of children were 



dble to' answer principle-related questions correctly. 

It is important to point out, however/ that the research reported 
by Klausmeier, *§ipple, and Allen involved no specific instruction. The 
principles tested for were not first taught to the' students as part of 
th©^ research. Rather, the students were asked questions which could be 
answered correctly only if the principle upon which the^ were based was 
known. Thus, this research should not be interpreted to mean that 
children below the ninth-grade level cannot be taught principles. 

^ Summary . Very young children .have difficulty understanding 
relational structures. However, they appear to develop mastery of the 
fundamental properties of relations during the elementary school y^ars. 

Research Related to Principle Learning and Teaching 

.There has been very little research reported dealing-Vdirectly with 
principle leamlng^or teaching. As Anderson (1973) ^hjis recently pointed^ 
out, ""^is is a topic about which pitifully little is known" (p. 26).' 
In this section the work which has been undertaken in th^ area will be 

discussed. ^"^^"^ 

jk series of three studies carried out ^by Gagn^^nd associates has 
focused on the effectiveness of pr^actice examples that dcitaonstrate 
'apglication of a principle. Gagne, Mayor, Gars tens, and Paradise (1962) 
studied the effect of the number of practice examples provided for sub- 
jeats. Subjects were 136 seventh-grade students who worked through a 
leaijiing program on the addition <5f integers. The program was ,br'oken 
down"-div^'*^* number of "subordinate knowledges" that were the principles 
upon which the-^inal task, integer addition, was ""based. After each sub- 
ordiaate knowledge was mastered^, subjects were giyen either* one or two 
practice problems, to which >hey, were to apply the principle (low 



■repition condition) or four or five times as many practice problems 

, (high r6pit ion condition) . ' . ' 

At completion of the learning progi:am tests of both subordinate 
knowledges arid final performance (integer addition) were administered, 
although the authors reported results only for final task performance. 
Overall, there was no main effect for number of practice problems 
provided. VJhen the high repetftiQ.n condition was coupled with a guid- 
^ce ^treatment ±a which subjects received guidance on how to integrate 
the material they were reading, performance was found to be better 
than that of subjects in a low repetition-low guidance condition. How- 
ever, treatment programs varied in length, high repetition-high guidance 
being the longest while low repetition-low guidance was the shortest. 
It is possible, therefore, that the difference found between these 
treatments was due to the additional time spent working on the material 
and not to tHe nxmiber of practice problems and amount of guidance 
given^ Indeed,' the authors concluded"^ that the overall effect of these 
v^rialjles was weak. ' 

Gagne et al. (1965) investigated the effect of the amount of 
variety in practice problems provided* Subjects were 90 sixth-grade 
students. The. learning task was a set of programmed self-instructional 
booklets on non-metric geometry! Again, the task was divided into a 
series of subordinate knowledges for which problem examples were pro- 
vided.^ Many of the subordinate knowledges were principles. - Variety 
in the pir^actice problems constituted the experimental treatment. As 

in the earlier research, practice on these problems was porovided only 

' ' •• • 

after initial attainment of the subordTnat'a* jtasks* 
/ Three levels of variety were use4, defined as follows: El - 



practice examples minimally different from those used to induce initial 
attainment (minimal .variety); E2 - some El examples plus some of inter- 
mediate difference from teaching examples (intermediate variety); and 
E3 - feome El and E2 examples plu? some that were of maximal difference 
from teaching examples (maximal va ire ty) . The difference between 
practice examples and teaching examples was defined in terms of the 
context in which the principle was to, be applied. The number of 
examples was held constant across treatments and ranged from three to 
twelve depending upon, the specific subordinate knowledge illustrated. 

No differences among treatment groups were found on a test of sub- 
ordinate knowledges (or on a ^tee^ of final task performance) administered 
after completion of the learning program, ^k)reover, subjects in the 
maximal Variety condition performed no better than control subjects who 
had received either no practice examples or irrelevant priictice examples. 
Gagn^ £t al. explained these results by suggesting that the nature of 
'the material was so simple that additional practice examples were not 
needed after initial mastery. 

An interesting follow-up to the Gagnd jet al. (i965i research was • 
reported by Gagne and Bassler (1963). Nine weeks after the study 
described above was co^pl^ted retention of the. final (most complex) task 
taught and of each subordinate skill was measured. The results were 
that while there were no differences among means for' retention of sub- 
ordinate skills due to variety (o'r number) of . practice examples, there 
was a difference for retention of the complex task; The minimal variety 
group had ^: significantly lower mean score on., the complex task retention 
test than^&l ather groups, lower even than subjects provided with no 
practice examples* 



Traub (19.66) reported a study in which a variety of subskill 
practice ^problems affected immediate learning of a complex task. Sxxh- 
skills were rules for carrying out graphic^. linear addition. Sixth- 
^grade subjects read self -instructional programs which presented 20 
heterogeneous subskill practice problems, 20 homogeneous subskill 
problems, or 20_irrelevant problems. After completing these problems 
subjects then worked 26 problems 4Galing with the complex task*. 
Problsem heterogeneity was defined as variation in problem context and , 

I • 

type ot correct answer. Heterogeneity was achieved by varying the 
portion of the number line employed and the size and sign of the 
correct answers. ' - . 

Subjects, who haii been given heterogeneous subtask practice prob- 
lems were able to solve significantly moire complex task problems tha^ 
either of the other groups. Subjects In the homogeneous .arid, 
irrelevant groups appeared to adopt a problem solving strategy that 
resulted in a stereotyped error or else they gave no response "at all. 

A final study similar' to thdsc reported by Gagn€ and Traub \^as 
undertaken by Gibson (1970). Subjects participating in this research, ; , 
third- and fourth-grade students, were given instruction on a unit « 
dealing with decimal numbers. The. unit was divided into three sub- 
skills (principles related to decimal numbers) which were tailght.tp , 
.the subjects by their classroom teachers "in the usual manner*-."^ After 
initial instruction on each subskill a proficiency test w^s adiiiinis- 
tered. Subjects unable to pass t^e proficiency test were given addi- 

• , ''v» * ' , ^ 

tional instruction until they .could do so. Upon passing the .proficiency 
test subjects were given practice examples (applications) of tiie 
• principles to work on. }'/ - ... , 

33 -'-'i • 
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•Practice examples of the principles varied in variety and number. 
Variety was 'defined as "the amount of diversity of context, form,-, and 
•wording among the examples which involved .application of the sub- 
ordinate principles; during the practice period" (p. 7 ). There were 
two levels of variety: broad and narrow. Narrow variety examples were 
similar in form to those used. on a final posttest. Broad variety were 
not. Subjects were given either 10 or 25 ptactice problems. 

Five experimental treatments were defined by the number and type 
of practice examples giveil. They were: broad variety, many examples; 
broad variety, few .examples; narrow variety,, many examples; narrow 
variety, few examples; and control, no practice examples. Four assess- 
ment tasks were -used to measure treatment effects: anrlmmediate learning 
test and a r^tentibn test that required' subjects t5 recall the principles, 
and two transfer tests that required subjects ta apply the principles in 
.novel situations. No differences ^e found among treatment' groups on any 
of the assessment tasks. 

The results of the series of studies reported above are disappointing. 
Apparently, the^uimber an3 the variety of practice examples of a principle 
do not affect the Pearning of that principle, although these variables may 
facilitate dearnin^f a supraordinate principle. Perhaps, the critical 
factor here. is that none of these studies looked at instructional variables 
related to initial" learning. Practice examples were always given after 
' the principle had been taught, and at least in Gibson's research, mastered. 
It may be that only variables operative during the Initial introduction of 
a principle have a significant effect upon learning. ' 

Two studies that focused on'instrucXional variables associated with 
t^ inirt^l principle learning-aching situation have been reported by 

• 34^ 
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Gagne and -Wiegand (1968X and Anderson (1973) • Gagne and Wiegand's 
research looked specifically at the internal and external conditions of 
principle lenrning that Gagne (1970) has discussed; j?ourth-grade. 
Subjects were taught principles composed of two elements, a "thing" (a , 
drawn'^ shape) and an "action" (such as underling the shape). During 
^prelearning the individual elements of the principle were taught. Each 
thing or shape was associated with a name (a nonsense syllable) and 
subjects learned the associatioji between shape and name by studying 
four labeled examples of the shape which varied along irrelevant dimen- 
sions. Actions were taught by requiring subjects to do whatever the 
action was. 

Subjects learned the principles themselves^^^om a printed, self- 
instructional booklet. Each page presented a different principle, and 

? 

subjects studied three, five, seven, or nine principles depending upon 
condition* At the top of each page a previously learned shape was 
first presented. and identified, e.g., this is a nob. Following 'that 
the^statement of the principle was given, such as, a nob has a circle 
^afound it: The principle was then illustrated, and subjects were 
instructed to draw the principle themselves. Subjects studied the 
principles at a rate of approximately one every 15 seconds. 

In Gagne and Wiegand's experimental procedur,e can be seen each of 
the conditions of principle learning th^t Gagne has ppstulated to be 
essential. Subjects were taught the concepts (elements) related in the 
principle, encouraged to recall those concepts, given a statement of the 
principle, and then required to ^demonstrate the pr,inciple. The authorrs 
report that this procedure was highly successful. Subjects learning up 
to five principles at a time were able to recall and demonstrate the 
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/ prlnoiples'VLth 100% accuracy on tests *of immediate retention, 

It i^s important to^polnt out, however, that in terms of both 
numb'er of sub'concepts and abstractness the. principles G^gn€ and Wiegand = 
-taught must be classified as very simple. They were composed pf only . 
' two concepts and for both of those concepts there were readily 
perceptibly examples. If the principles had been more difficult or 
jcomplex, it -seems -unlikely that they could have been grasped in a 
single 15-second' trial and by the use of a single teaching example. 

Support for the idea that difficult or complex principles cannot 
he taught by simply presenting the principle and one example of it 
comes from the research reported by Anderson (1973), Using printed ) 
^ materials, Anderson attempted to teach the principle .^'intermittent re- 

lnfor<cement causes resistance to extinction" to high school students, 
* The principle is composed of five concepts, all of which could be con- 
sidered »rel^tively abstract in terms of, the naivete of the subject 
populajtioji. . 

Subjec):s' read a three-page passage dealing with the principle. The 
fi):st two pages introduced the component concepts, , The third page 
explained reinforcement, the principle itself, and presented^ one example*. 

The third JJig^ for ''a control group contained additional material on 

•y i - ■ • ' ' ^ 

'classical donditioning. After reading the passage all groups took a 

tes£ that required them to apply the principle to , situations that were 

i^idenAcal, similar, or dissimilar to the text example. 

* Anderson reported that the treatment group performed slgAif icantly 

better thanrtlie control on^ the posttest, and also .that performance was 

best'on test' items' that were identical to text examples. Yet even wheiJ 

test items/ were identical, less than 60% of the treatment subjeqts were 

able to ar^swer them, correctly. * ' ; ' . 
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Indications of the type of additional instruction needed to teach 
difficult or complex principles comes from a body of recent literature 
dealing with^ the teachirig of defined concepts (Feldman, 1972; Feldman 
&^*klausmeier, 1974; Klausmeier & Feldman, 1974; Markle &-Tiemann, 1969} 
Mei^ill & Tennyson, 1971; Markl^ & Tiemann, 1969, 1972;' Swanson, 1972; 
Tennyson, 1973; Tennyson, Woolley,.^& Merrill;^- 1972)* Defined concepts 
relate two or more simpler concepts in their definition. Because of 
this they can be considered in a formal sense a type of principle 
(Gagne, 1970). It is reasonable to presume, therefore, that variaSles 
which are effective in teaching defined concepts would be effective 
likewise in teaching principles. 

As reported by Klausmeier and Feldman (1974,), the instructional 
variables found to be most important in teaching defined concepts are 
/ the following: - , ^ • 

• 1) a rational set iof examples and nonexamples of the concept; 
/, ' li a definition of the concept stated in terminology that is 

/ 

appropriate for the age level and abilities of the learner; 
and 7 

3) cues or emphasizers, such as arrows of attention directing 
review questions, that draw the learner's attention to the 
relevant attributes of the concept. 
Of the above variables, possibly the mos^Snportant in terms of * 
Instructional design is the idea of a rational sfet of examples and non- 
examples • Originally conceived by Markle and Tiemann (1&65), a 
rational set consytsts of -enough concept examples to vary each major 
irrelevant attribute of the concept across the set, and enough npn- t 
•examples so that a nonexample which lacks each relevant attribute 



(while possessing as many of the other relevant attributes as possible) 
^ presented. Thus the number of instances In a rational .set if ^ 
specific tc^izhe particular concept being taj^gliF^nd' determined by the 

number of/ relevant and .irrelevant attrimites associated with that con- 

\/ ^ ^ * ' ^ 

cept. *^Irreleyant attributes ar^^defined as those properties which may 

'} 

or may not lie common to every example of the concept while relevant 
attributes are those properties which are Qommon to every example^ and, 
therefore, define the concept. 

A rational set of examples and nonexamples for the concept equi- 
lateral triangle is presented in Figure 1. The examples vary in size, 
spatial orientation, and whether they are solid or line drawings. The 
nonexamples are constructed so that; each of the relevant attributes pf 
the cot^ept (closed figure, simple figure, three straight sides, sides 
of equal length) is systematically excluded. 

Merrill (1971) and Tennyson,* Wool ley, and Merrill (1972) have 
refined the idea of a rational set^ somewhat by pointing out the 
usefulness of matching teaching (labeled) examples and nonexamples 
whenever possible on irrelevant attr:^butes. This serves to focus the 
learner's attention on the relevant at'tributes of the concept as they 
constitute the only difference b^etween the Instances. Of course, if 
• the number of examples and nonexamples in a rational set is not equal, 
it iis Impossible to match each example with a corresponding nonexample.. 
However, across the set examples and nonexamples can'^be used tSiat 
share irrelevant attributes. . • 
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Examples 



J ^ Nonexamples 



Figure 1. . Rational set of example^ and nonexamples 
for the concept equilateral triangle. 
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Klausmeier, Gha^ala, and Frayer (1974) have pointed out t,l\ajt:;ai5 an , 

• i 

organizational first ^tep in constructing a rational set and selectii^g , ' 

an appropriate definition' it is^^KSlpful to carry out a "concept; ^ 

analysis," Such An analysis consists basically of listing relevant and. 

major irrelevant attribute's of the concept and specifying A concept 

definition in/terms of the relevant. attributes. On the basis »of the 

list of relWant and irrelevant attribut?es it is a relatively str^|^|^ 

forward matter to select exampli^s and nonexamples for a rational set, * 

Additionally, the definition stated in the analysis can be modified. as 

necessary to fit the characterist^jj^ of the learner population.' 

Depending upon the needs of the instructor, the concept analysis itself'*^-^ 

can be expanded to include such elements as a list of principles ox 

;v • ' ^ 

problem solving situations that involve use of the concepts . / 

Tennyson and Tennyson (1974) have rep'orted two experiments in wWLch . * 

^several of the instructional variables shown to facilitate thfi^learning. 

of defined concepts were extended to a principle learning situation, J 

Subjects were high school sophomores who studied two transformational 

syntax rules: "extraposition" and "it deletion." Both rules could be 

applied to the same '^sentence and the beha'^ioral oTjjectiye was that the ■ ^ 

subjects would be able to apply either rule correctly when 'asked, , The 

two print* Lpl^ were taught simultaneously. ' . ^ 

The first experiment focused on the display variables of matching • , 

and divergence, Matching^as analogous .to .a matched concept learhiijig 

situation in which an* example and a nonexample of-^a concept are paired 

on irrelevant attributes and presented together. In this 'study ^ 

examples (applications) of each rule were" paired an^J^relev^nt. attributes' 

aria pre3ented simultaneously. TJie example of one ujule^s^erved' as =the non- 
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example of the other and vice versa . Divergence referred to the type 
of within-rule teaching instances used. A divergent condition was one 
in which the irrelevant attributes of a ri^e were varied across ^ 
examples, similar to the way irrelevant attributes are varied across 
examples in a rational set. On a tdst requiring subjects to appl^^ 'each 
rule to ten nongrammatical sentences it was founds that subjects who 
studied matched and divergent rule examples performed significantly 
better than subjects who studied non-paired divergent examples, paired 

4 

non-divergent ex^ples, or non-paired non--divergent examples. 

In the' second experiment Tennyson and .Tennyson investigated the 
variables of analytical explantion and simultaneous presentation. 
Analytical explanation was analogous to anphasis from the 'concept 
learning literature: examples of the rules were presented with brief 
explanations. The simultaneous presentation, condition was Identical to 
4:Jie matched divergent condition of the first experiment. Examples of 
each rule were divergent and were p^i:§ sen ted either in pairs ^simul- 



taneous presentation) or independently (first one rule was^iiitroduced 
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with examples and then the second rule was presented with examples). 
The authors reported that groups receiving a simultaneous presentation 
performed significantly better on a dependent meas^te ^han groups that 
received an independent presentation, *and that groups provided with 
analytical explanations performed significantly better than groups not; 
provided with such explanations. Across the two experiments subjects 
pdrformed best when given simultaneous presentation of examples Xniatched 
and divergent) with ^analytic explanation. These subjects responded to 
90% .of the items on the dependent measure corroct ly. 



4i 



4 X \ 



1 



Wh*ile the results of Tennyson and Tennyson's researfcli is important j 
in that^the authors have demonstrated vthe applicability of cjertain Cfbn- 
cept learning instructional variables to pr iritiple leaicnin^ /si^tuatfon^ , 
the results ar^ not easily generalized. As TjennysQn and)Teiu^on point 

^ ^ " ^ }' : ( ! J 

, 

out, a simultaneous presenta'tion condition neqessi'tate^ jbhat;' the 



principles have similar effective stimuli and similar irrelevant attri- 
butes. Pairs of principles meeting these criteria can be assumed to be 
relatively rare. 

Summary . Very little research dealing vd.th principle lea^'nitig and 
teaching has been undertaken. Nevertheless, it has been demonstrated 
that (1) additional practice examples of a principle presented after 
initial^^^^^ing .do not affect attainment of the principle^ and 
(2) "simple*'^ principles can be learned from a statement of the principle 
and a single labeled example if th§ x:oncepts related in the princip-le 
are familiar to the students • Indications of the type^^f additional in- 
struction needed to^ lear^ "complex" principles comes* from the literature* 
on concept learning.. Several of these variables have been shovm to 
facilitate principle learnir^but only (so far) under rather unique con- 
ditions. 



' \ The Present Research 



. \ , The present research was designed to investigate the effect of two 

. ^ instructional variables on the learning o 



g of easy (or simple) and diffi- 

truction on 



"^^^Va , ,;.^^^€^ult (or complex) principl.es. The two variables were ins 

concepts related in tKe principle and type of instances used to 
'\^V\; . imiatrate the principle, the i*ea of a "rational set" of concept ' 

WvV- \v-'-- 1 ' ■ ^ ' ^ ■' ■ 

f^vamrvl P.Q flnrl nnn<avA?tin1 <ac wp.q Avtp.ndp.d to nrinciples, and referred to as 



^\\\ \ .exauiples and nonexamples was extended to'pr 
\)^.\a "rationally selected" set. ^---'i 



Based on the results of Gagne and Wiegand 
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(1970) fnd Andelrson (1973), it was expected that the effectiveness of a 
particular instructional strategy would be dependent upon^ whether an 
easy or- a difficult principle'were^being studied. 

The following specific results were hypothesized: 

(1) Easy principles would be mast^s^ more full than difficult 
principles. ' ' 

(2) Subjects instructed on the separate concepts contained in the 
principles would perform significantly better than subjects not 
receiving such instruction. 

(3) Subjects receiving a statement of the principle and either a 

^ rationally selected set of examples and nonexamples or one example 
would perform significantly better than control subjects who did 
not receive a statement of. the principle or any illustrative 
instances. 

(4) (a) For a difficult principle a rationally selected set of 
instances would be .more facilitative than one example regard- 
less of whether subjects had received instmction on the con- , 
cepts or not. 

(b) For a simple principle a rationally 'selected set of , 
instances .would be equally eff|ctive as one example if subjects 
had received instruction on the concepts contained in the 
principle. If subjects had not received instruction on the 
target concepts, -a rationally selected set would be more 
facilitative than one example. 
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' ' * Chapter III " 

METHOD * 

Subjects , \ ' 

Subjects were 159 fif.t.Ii-grade students, 81*feinales and 78 males, 
from a suburban co#(iunit^/ih south-central Wisconsin. They were of 
average ability and "socioeconomic status. Reading achievement scores 
on the Metropolitan' Achievement Test (Test F) which was administered 
duri|^ theffall o* thi^^schoo^ year were obtained fojc each child to be 
used^s a covariate'in analyzing the results of the study. The 
average achievement score was>78, which corresponded to a grade • 
equivalency of 5.6.^ Subjects were randomly assigned within sex groups 
•|:o an experimental condition. ^ 

Learning Task ' 

, Selection of Principles . An "easy" principle ^nd a "difficult" , 
'pri^iciple fi:omv two curriculum areas were used in the learning task. 
The^curriculuniJareas were mathematics ark4^1anguage arts.. Thus, four 
different Principles were taught. , ' ^ 

The four principles used in the learning task were selected from 
tho^e wKLch^Klausm^ier, Sippre,..and Allen (1974a, b) had employed in 
their cross-sectional study of concept_.attainment. In thjat research 
tjiefiame subiec^s were asked to answer .^quest ions based , on several 
. principles -from three separate curriculum areas, two of which were 



mathematics and language arts. The * percentage of subjects correctly 
able to answer principle related questions within.^ particular 
discipline varied from principle to principle and also from grade to , 
grade. Thus, it wa^ possible order. the principles, within a subject 



matter and within a grade level according/to tlve/ge;^centage of subjects 
correctly able to answer questions relat^ed toj^dveni. 

"Far t?ie present research, the ^riircipies tlia^t generated questions 
which the highest percentage of .subjects, cbuld answer were opera- 
tionally defined as "easy," while* those that generated questions which 
the lowest percentage of subjects could answer were operationally 
defined as "difficult*" ^Based on results Klausmeier et^al. obtained r 
from the sixth-grade population, the easiest and most difficult 
principle from language arts, and th^ easiest ^and most difficult 
principle from mathematics, were used in the present research. These , 
principles, along With the percentages of subjects (frbm the Klausmeier 
et al . research) correctly .^ble to answeir, questions about them, are ^ 



presented in Table 1. . ' / 

• . / . > 

ft • J 

Principles used in tha present research were selected in the abov.e 
manner because this allowed the categories "easy" and "difficult" to be 
defined ^operationally in terms of* ^pirical results- rather than on the 
basis of some subjective criterion. While the subject pool Klausmeier^ 
et al . used was not identical to that used in the present research, it 
was felt that the high similarity between the two in terms of age, 
ability, and socioeconomic status justified the use in the present 
researcn\of results obtained by Klausmeier et^ al. 

Actually, the cpnverse of the easiest mathematics principle was used 
In the present study. Questions related to the converse were identi- 
fied by only 1% fewer subjects (54% vs. 53%). As the converse was 
stated in .a form more easily explainable' by short, printed lessons, 
it was designated the "easy" principie, 
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i . • Table !♦ ' 

Percentage oi Sixth-Grade Students Correctly Able 
*to AjisWfer'Principle-Related Questions for 
"Easj^ and '^Difficult" Principles from' 
Matheinatic^s and Language Arts^ 



Ma^thematics - "Easy" Principle 

Statement; of Principle ; If the three* angles of a ^triangle are 
"•li.'- equal in number of ^degrees, the sides.- 

.\. of the triangle are ecjual in length* 

• Percentage ; 53% ' * * v _ 

Mathematics - "Difficult" Principle ' ^ ' 

Stateaaerit of Principle ; All equilateral- triangles are simij^r 
' f ' in shape* 

Percentage ; ^6% ' " 

Language Arts^-'^^Easy" Principle 

Statement of Principle ; A sinjgular noun names one person, place;^ 
1 * ' . or thing.* A plural noun names more than 

\ ^ one person, place, or thing. 

P.ercentage ; 38% ■ ^ / ~ - 

Language Arts - "Difficult" Principle *- ^ 

Statement' of Principle ; A proper noun is capitalized* A'copnon- 
-.^.Y noun is not capitalized, ^ * .^^-.^^^ 



\ 



Percentage ; 10% 



Tiie principles used in the present .study and presented^ In- Table 1 
were stated in thB>sSmie way th^'^vK^ausmeier, et al* .started them 
wifh two minor exceptions, a) The difficult mSt1i.:^ifiQiple did 
not include the words "in shape" in the Klausmeier^esearCh^^ These 
words were added so that the sense of the word "similar" would"' 
''correspond to the mathematical definition of similar presented in 
the Suljconcept-Training lesson* b) Klausmeier et al* included 
within the language arts dffficulf principle a brief description • 
of what a common and proper noun were* In the present i?es"eSf^fr^v^^ 
definitions of these words were presented in the Subconc'ept-Training^ 
lesson* 
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It should be noted that the percentage of -slxtH-grAde, students 

; 

4borrectly able to answer principle related questions In the Klausmeler 

t et al^* study does not range from 100% to 0%'.. The range ^is much less 

broad, and • negatively skewed* This demonstrates that. the majority of 

subjects were unfamiliar with these principles. Due to the similarity 

between subject populations, it can be assumed, therefore, that the 

subjects in the present research were unfamilfar with the principles ^ 
« • • 

as weti, / * . . • 

^ Treatment Lessons . Two printed, sequential lessons were con- 

structed to teach each principle. The first* lesson (Subconcept- 
Training) pres^ented the major concejrts related in the principle and was 
designed to teach these concepts to the formal level using the 
procedures outlirfed by JCLausmeier and Feldman (1974). This consisted 
of defining each concept at a level appropriate for fifth-grade 
students (the definijtion was set off in a box at the fop of the page), 
illu&trating each concept with* a labeled rational set of examples and 
nonexamples, and emphasizing the relfeyant attributes of each concept by 
explaining why the examples were examples and the nonexamples not 
examples ^ ■ ; ^ 

The concepts were not presented- in the same order as they occurred 

in the prindiple relating them. Rather, "they were presented in a 
» * 
« 

random sequence unless the sense of a particular concept dictated that 

certain other concepts precede of follow it. 

At the end of each Subconfeept-Training, lesson a page of review 

questions dealing with the concepts was presented. These questions 

were straightforward and designed to, be easily answered... They were 

ponsldered' a review of the material and<not.a test. Subjects were > ^ 

. ♦ 
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encouraged to turn back and reread relevant material if they had any 
difficulty. Correct answers were presented on the following page to 
provide subjects with immediate feedback. 

The primary concepts taught in the four Subconcept-Tralning lessons 
were as follows: 

Mathematics - easy principle: Angle, triangle, side. 
Mathematics - difficult principle: Equilateral, triangle, similar, 
.. , - - shape. 
^ Language Arts - eay principle: Singular, noun, plural. 

Language Arts - difficult principle: Noun (proper and common), 

capitalized. 

In order to prepare the Subconcept-Training lessons the concepts 
themselves were first analyzed. The defining attributes and irrelevant 
attributes- of the concept were specified, a definition in terms of 
defining attributes was constructed, and a rational set of examples and 
nonexamples ^yas selected according to procedures outlined by Markle and 
Tiemann"(l969)r t 

'* * * * ' . 

A variety of texts served as sources of information for carrying out 
. the concept analyses: Elementaoy School English (1967); English Grammar 
and Cc^mposition (1957); Exploring Elementary Mathematic's » Grades 5 and 6 
(1970); Webster's New World Dictionary ; Elementary Edition (1966); 
Webster's Seventh New Collegiate Dictionary (1965); Webster's Third New 
/ li^ternatipnal Dictionary ' (1971>. The fifth-grade texts and children's 
dictionary-we;;e used not only to provide relevant content but alsoVo 
indicate the level ^f technicality and completeness that wa? appropriate 
•for fifth-grade students studying these concepts. At times the defini- 
tion of a particular concept was taken directly from one of these texts. 

■ 4f> 



At other tJtaes the definition was constructed from information presented 
iA several sources. The concept analyses are presented in Appendix A. 

At no time were the principles relating the concepts presented in 
the Subconqept-Training lessons. Nor was any attempt made to relate 
concepts to each other in any other way, except in cases in which the 
particular meaning of a concept that the lesson was designed to present 
necessitated the modification of one concept by another. For example, 
the word shape presented in the lesson for the difficult mathematics 
principle was first introduced in a general sense and then associated 
with the word similar so that the mathematical'meaning of "similar" 
figures could be explained. 

. The four -Subconcept-Training lessons were the same length in terms 
•of number of pages (12 pagea) regardless of the principle upon which 
they were based. This was done so that the lessons would take 
approximately the same length of time to complete and would appear to 
be as similar as possible to the^ subjects. As some lessons presented^ 
more concepts than others i the amount of material presented on each page 
could not be equated across lessons. Th& four lessons are presented in 
Appendix B. 

i' * ^ 

The second of the two sequential teaching lessons (Principle- 

Training) presented the p,rinciple itself. The principle was Introduced 

in a box at the. top of the ''first page and was followed by either a 

rationally select(|2r s'6t~o£-.. examples and nonexamples ^r ^7*0116 example* 

At the end of the instructional liate^al the subjects wer^ directed in 

their lessons to go. back and read the lesson once more. 
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In trder to construct the Principle-Training lessons the- four • 

0 

principles werte, first analyzed in a manner similar to the way in which 
concepts kre analyzed. The principle was stated, and from the statement 
a list of Relevant and irrelevant "attribtC^s" was constructed. 
Relevant' 'i'a\ttributes'; 'Here taken to be those aspects of the principle 
which we^e pr^ent in every correct demonstration, or example, of the 

principle. For instance, in the principle "all equilateral triangles ^ 

,^ . ' * • ' " 

are similar ini shape," «he concept equilateral triangle is a relevant 

a,ttribut'e. Irrelevant "attributes" were taken to .be those aspects of 
the principle which either varied from example to ^example or did not* 
hav^ to be present in 'every example. For instance^ the number of 
equilateral tri-dn^les used to illustrate "all equilateral triangles are 
similar in shape,"' or the size of the triangles, wpre considered irrele- 
vant attributes. 

Oi^the'baks of the list of relevant and irrelevant attributes a . 
rationally selected set of examples and nonexamples was .developed for 
each principle. .Enough examples were specified so that all of the major 
irrelevant attributes of the. principle were thoroughly varied. Enough ^ 
nonexamples were specified so that each of the relevant attributes of 
the principle 90uld be gyst^atically excluded. Examples and. nonexamples 

had similar irrelevant attributes. ! 

* 

, The final element of the analysis of each principle consisted of 
the st)ecificatio'n of s^eral problem solving situations involving the 
' principle. ' The analyses for each of the four principles ar% .presented 

iri 'Appendix^ C - • - • ' 

' All Principle-Training lessons that included a rationally selected 
see of examples an^'^otiexamples were five pages long. In those lessons 
that included only. one example three pages of placebo material were 
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added -so that all subjects would read treatment lessons of equal length. 
To compensate for any possible effects due to the order in which the 
placebo material was presented in relation to the principle and example 
(principle and example followed by placebo material or vilce ver^) , half 
of these booklets for each pi!linciple were prepared with che pMrcebo 
material coming first and half 'with the placeio materia]/ coming last. 



The examples, used ^n the booklets which contained inly one illustra- 
tion of a principle were taken from the rationally selected sets. To 

fix 

eliminate any effects due to the particular example chosen, several 
versions of these lessons were •constructed for each principle aM each' 
version included a different example.* 

The Principle-Training lessons are presented in Appendix Only 
the four lessons which contain a rationally selected fi^ff examples and 
nonexamples are included. i. 

Readability of Experimental Lessons ^ 

Readability or difficulty of the experimental lessons was (determined 
using the Dale-Chall formula for predicting readability (Dale & Chall, 

1948). All lessons, Subconcept-Training, Principle-jfrainlng, and 

f • 

placebo, were found to be written at a fifth- to sixth-grade level. This 

0^ ^ ^ ^ 

level was considered appropriajie for the subject population. - 

.... ] 

\ In addition, to insure that all subjects had ac least some 
familiarity with any potentially difficult words in tKe lessons, a* list 
of these words was compiled and included at the^begi^nriing o£ the Subcon- 
cept-Training lessons and corresponding placebo» lessons. This list 
covered ^1 experimental lessons and included words'^. identified as 
"unfamiliar** on the basis of the Dale-€hall readability calculations and 
on the basisof the pilot, study. These words were reviewed with the . 
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/subjects before any lessons were read* 

Placebo Lessons ^ . * 

Two printed placebo, lessorjis were prepared that were e<|ual In length- 

to the two types of treatment lessons (Subconcept-Training and Principle- 
ff // 
* // 
Training). * The first placcitto lesson dealt with subconcepts included in 

the definition of the concept jbree * The second placebo lesson dealt with 

the concept Roman numerals * 

'^ Dependent Measures ^ 

A test on each^of the four principles was constructed. The tests 
were structurally as similar as possible and varied among each other 
only in content. These test^are included as Appendix E. 

'Each of the four tests was sixteen iteifts long and contained 
two^ty^es of questions: knowledge (questions and application questions. 
Knowledge questions were items whicFh-eequired subjects to recognize both 
a statement of the^prinoiple and correct applications or examples of the 
principle. These items were designed to test su^ects^ ability to 
recognize or recall specific elements presented in the lessons. Appli- 
cation questions were items wtiich required subjects to actually apply 
the principle 'in problem solving situations. These items ^were designed 
fa, te«t subjects* ability to go beyond the specific content of the 
lessons. An equal number of knowledge and application items were 
included on each dependent measure. 



The principle related items from Klausmeier, Sipple, and Allen 
(1974a, b) which were used to determine the difficulty of the principles 
were included as p^rt of the sixteen items oh each dependent measure. 
They too were c^^assified in the manner described above as either knowledge 
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or application items. At lea^ one of each type. was based on each 
principle. , . ^ ^ 

The four tests were prjesented in printed booklets similar 

j^form to the lesson booklets. Instruc^igns for completing the tests 
were included at the beginning of the booklets and were identical for 
all principles. Within the instructions were several sample items^ one 
corresponding in form to each of the different types of question 
formats used on the tests (true-false type items and two multiple-choice ^ 
forms). The sample items werfe included so that subjects would know what 
type of questions to expect and also how to mark their answers correctly. 

Treatment Program ^ ' 

For each of the four principles taught, six treatment programs, or . 
experimental conditions, were define.d. Every subject was randomly 
assigned to bpth a treatment program and to a principle. Thus, each 
subject read materials dealing with only one principle and took the 
dependent measure on that principle alone. 

The six treatment programs, which were identical across principles, 
were as follows: - ^ • 

ST-RS . Subjects in this treatment read a Subconcept-Training 
lesson and a Principl^Training lesson. The Principle-Training lesson , 
•presented a rationally selected set of examples and nonexamples. 

4 

ST-1 . Subjects in this treatment read a Subconcept^-Training lesson 
and a Principle-^Training lesson. The Principle-Training lesson presented 
one example. • . * 

ST-0 . Subjects in this treatment read a Subconcept-Training lesson 
and a placebp lesson. This condition was included to determine whether 
subjects who had not been presented with the statement of a principle 

5o 
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(or instances of it) couid accurately deduce the principle from -its 

subconcepts. \ \ ' ' ^ f 

O^RS. Subjects in this treatment read a placebo lesson ana^ ^ 
Principle-TrMning lesson. Thfe Principle-Training lesson presented, a 
rationally selected set of examples and* flonexamples and was identical 
to the Principle-Training lesson use^' in treatment ST-RS. *\ ' * 

O^l* Subje'cts in this treatment read a placebo lesson and'a 
Principle-^Training lesson. The Principle-Training lesson presented one 
example and was identical to the Pri^nci^le-Training lesson used, in 
treatment ST-1. 

^ 0-0* Subjects in thi^ treatment xvead two plah^bo lessors. They 



r 



served as contr^)l subjects. 



Procedure 





. " Prior to 'experimentation^ half of the lesson booklets f<^r each 
treatment program were designated for boys and half for girl^.to insure 
- that an equal number of each sex were -included in each treatment. , 
Within sex grouping the ti;eatmexit materials were then put in a.'r&ndom 
order . ■ ^ , j' • * * 

cperimenters (the auxhor^and a co-worfcer) working as a team^^ 
conducted the study. One experimenter (the author) gave directions, 
distributed materials, and answered questions. The second ^^eritdenfei; 
distributed materials and answered questions/ only. In the ma'jority 'of 
cases testing was done in the classroom with the classroom deacker *^ 
present. However, in two instances in whicH fifth- and sixth-graQ?' ' 
Students were .taught together as one unit, the fifth graders were takeh 
to a designated testing area so as not to dist;^b their ielldWs. 
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At the start of the teaching-testing session both experimenters 
were introduced and the general purpose and nature of the study were 
explained. Subjects were told that they, would be reading , two le'ssons 
and then "asnwering some questions/' Experimental materials were then 
distributed to each subject. The materials were prepackaged in large 
brown envelopes to insure that the proper sequence of lessons and^ test 
was received. One experimenter passed out the materials designated 
for boys and the other experimenter passed out the materials designated 
for girls. As the treatment materials were randomized withinr sex 
group, subjects were thus randomly assigned to an experimental condi-^^ . 

tion. ^ 

. Subjects were initially told , to remove only the two lesson 
booklets from their envelopes. 'Both/ lesson and test booklets were 
color coded to help subjects determine wMch booklet they were to be 
working on at anV particular time. 

The^actual experimentation began with a review of the word list 
contained in the first lesson booklet (Subconcept-Training or placebV) . 

m '* ^ 

It was explained to the subjects that th^se were difficult words which 
they might find in the lessors they were going to read. The experi- 
menter reviewed the list by first pronouncing each word and then 
asking the subjects to pronounce the word together. Each word On the 
list was covered in this manner. This procedure was designed to insure 
that subjects could at least pronounce all potentially troublesome words. 

After reviewing the word list^- subjects were Jtold to turn the page 
and begin reading the first booklet silently. When finished with the 

St l)ooklet they were tx^ld to immediately go on to the second. 
Subjects were allowed* to turp b^ck and reread passages which were un- 



clear to them within the booklet they were.-reading; they were*^ not 

/ . 

allowed to turn back to the first booklet once they had begun to read 
the second. All subjects were ^given 'Si;iff icient time to read both * 
booklet's. Most subjects finished reading in about 25 minutes. Sub- 

jects who completed their l§ssons7before all others wete finished 

* /' * 

were told to sit quietly at their desks and wait. ' 

/ ' , ^ 

After all^^ubjects had finished reading both lessons, the lessons^- 

were collected and subjects were instructed to remove the dependent 

measure "from their envelopes. The experimenter read the instructions 

/ . - ' 

for the dependent measure aloud while the subjects followed along, in 

/ 

their own booklets. The experimenter also reviewed the three sample 
items which were included as part of the instructions. Subjects were 
then directed to begin work independently on the rest of the booklet. 
All subjects 'Were given as much time as they needed to complete th^ 

dependent measure. . • ^ - 

" y ' » 

\, During' the entire experimental session the experimenters answered 
qu^estions dealing only with the pronunciation of words and the clarifi- 
cation of instructions. In total the session lasted between ^45 minutes 
and one hour. All subjects appeared to be highly attentive throughout 
the experimental session and seemed to work through their materials 
conlscientiously. The "instructions to the students are included in 
Appendix F. ' 



Pilot Study 

The treatment materials, procedure, and' experimenter' s instruc- 
tions were pilot tested on a subsample of the target population to 
evaluate their' clarity and appropriateness for fifth-grade students. 



( 
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The pilot study was also undertaken to yield estimates of the tijne 
required to administer the materials. Subjects were M students from 
* the same Wisconsin community in which the major expierimentation was 
carried out. - . L 

Ambiguities and^other difficulties with' the mat'ferials, procedure. 
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and instructions were noted and used as a .basis^ f o^r revisions. / Due to 
the large number of treatment conditions piloted><(iii' several cases 
only one subject received a parti<^ular treatment/), no'^neaningf ul * 
statistical analysis of th'e, subjects' responses on the various tests 
could be done. However, in general subiects receiving Instruction 
appeared to perform better than control sul>jects (63% correct vs, 70% 
correct) although there did not seem to be ^''.effect for instruction 
on subconcepts (71% correct for training, 75% correct for no training) 
Subjects completed t"he materials in approximately 50 minutes. No ' 
differences in time spent reading due to treatment were evident,, 

Experimental Design " - 

The experiment employed a2x2x3x2x2 factorial design. A 
covariate, subject's reading achievement score , was als6 included in 
the design. The five factors and the levels within each factor were 
as follows:* ^ , \ 

a) training on subconcepts: training or -no training 

b) , type of principle: easy or difficult 

c) mode of principle presentation: principle statement with 
rationally selected set of instances, principle statement 
with on6 example, or no principle statement and no Illus- 
trative instances 

* d) subject mapter: language arts or mathematics 
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Chapter IV 
RESULTS 

• 4 

Two scores were calculated for each subject from the tests: total 
score on knowledge items and* total score on application items. Mean 
scores for each item type were then analyzed separately by analysis pf 
covariance. Analyses were carried out using the General Linear 
Hypothesis (GLH) computer program (Kuhn, 1971). The covariate in .both 
cases was subject's reading achievement score on the Metropolitan 
Achievement Test. This score was selected as a covariate to reduce 
variability due to differences in reading ability. 

It was presumed that some dependency between knowledge and appli- 

^cation items would exist. Logically: it is unreasonable to expect that 

♦ 

a subject would be able to apply a principle correctly without being 
able to< recognizee a correct application of that principle (although 
Gagne (1970) says that "a learner may be able to apply a principle with- 
out being ^abie to accurately state the pr'inciple) . Therefore, it was 
expected that scores an application itepis would depend upon scores' on 
knowledge items. However, possible relationships between knowledge 
and application items were not of concern in the present study and 
consequently the two dependent measures were analyzed separately. The 
interested reader is referred to Appendix. G wHich presents an ^analysis 
of covariance using difference scores (knowledge - application) as the 
data. ^ ' ^ 



.The significance level per test adopted in the^pfesent experiment 
was .05. Results related /to the specific hypotheses^of the* experiment 
tested at this Jevel, as well as significant results for effects about 
which predictions were not madei will be reported separately for 
knowledge and application items. The specific hypotheses tested were 
the following: • 
1) Easy principles would be mastered more fully than difficul;t 
principles. * i ^^r^^** • ^^*// 

^ 2) Subjects instructed on the separate concepts contained in the 
principles would .perform significantly better than subjects 
not receiving such instruction. 

3) Subjects receiving a statement of the principle and either a 
rationally selected set of examples and nonexamples or one 
example ^ould perfom significantly better than control sub- 
jects who did not receive a.. statement of the principle or any 
Illustrative instances. - . 

4) (a) For a difficult principle a rationally selected set of 
instances would be more facilitative than one. example regard- 
less of whether subjects had received instruction on the 
concepts or not. . , 

(b) For a simple principle a rationally selected set of 
instances would be equally effective as one example if sub- 
jects had received instruction on the concepts contained in 
the principle. If subjects had not received instruction on 
the target concepts, a rationally selected set would be more 
^ facilitative than one example • 
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Knowledge Items 

Adjusted means (adjusted for the effect of the covariate), ^ ^ 
adjusted variances, and cell sizes for each cell in the design aVe 
presented in Tables 2 and 3. Raw score means with variances and cell 
sizes are given in Appendix H. 

Results of the analysis of covariance are presented in Table 4. » 
None of the main effects were significant at the specified .05 level. 
However, means for main effects about which specific hypotheses were 
made (type of principle, training ^on concepts, and mode of presenta- 
tion) were all in the predicted directions. Moreover, effects for 
type of principle and mode of presentation approached s ig'nif icance 
< .10). Means for the five main effects are presented in Tables 5 and 
6. 

s 

The interaction of interest in the experiment was type of principle 
by training on concepts by mode of presentation. The int'iraction was 
not significant. Means for this interaction are' given in Table 7. 

T!wo interactions for which Rpecifin predictions had not been made, 

subject matter by type of principle and sex by type of principle by mode* 
t 

*of* presentation, were found to be significant. Means for the subject 
marter.by type of principle interaction are presented in Table 8. It is 
clear from the means that the difference between" ^sy and difficult 
principles for language arts (.024) was much less than the difference 
between easy and difficult principles for mathematics (. 779) . Addi- 
tionally,' while the difference was in the predicted direction for ' 
.mathematVcs (higher performance on easy principle than on difficult), 
the difference was in the opposite direction for language arts. Due to 
the small magnitude of the difference, however, this reversal of pre- 
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Table 4. 



Univariate Analy^^is of Covariance for Total Test 
Scores on Knowledge .Items 



Source 


df 


MS 


F 


Sex 


► 

1 


0.006 


0.0039 


Subject Matter 


1 


2.477 


1.6335 


Type (easy-difficult) 


1 


5.631 


3.7134 


Training 


1 


0.647 


0.4264 


Mode of Presentation 


2 


3.591 


^2. 36^81 


Sex x'^ Subject Matter 


1 . 


2.901 


1.9131 


.Sex X Type ' ' 


1 


1 . 663 


1.0967 


Sex X Training 


1 


4.399 


2. 9009 


Sex ,x Mode of Presentation 


2 


0.436 


0. 2875 


Subject Matter x Type 


1 


6. 829 


4. 5034 


Subject Matter x Training 


1 


0.719 


0.4743 


Subject Matter x Mode 


2 


Oi350 


0.2309 


Type X Training 


1 


1.426 


0.9404 


Type X Mode • 


2 


3.052 


2.0127 


Training x Mode 


2 


1.276 


0.8415 


Sex X Subject Matter x Type 


1 


0.548 


0.3614 


Sex X Subject Matter x Training 


1 


0.295 


0.1945 


Sex X Subject Matter x Mode 


2 


. 2.934 


1.9348 


^ex X Type x Training 


1 


1.064 


0.7017 


Sex X Type x Mode 


2 


5.777 


3.8097 


Sex X Training x Mode 


2 


0.486 


6.3205 


Subject Matter x Type x Training 


1 


0.515 


0.3396 


Subject' Matter x Type x Mode 


2 


. 2.412 


1.5906 


Subject Matter x Training x Mode 


Mr 


'■r 4.329' 


2.8550 


Type X* Training x Mode 


V 0^916.. 


0.6040 


Regression due to higher order 








interactions 


, 11 


■ 1.991 


1.3130 


Error 


. . no 


1.5164 





** 2. < -05 
* 2. < -10 



Table 5. 

Adjusted Means, Adjusted Variances, and Cell Sizes 
for Knowledge Items 
* « 
Main Effects for Sex and Subject Matter 



Main Effect for Sex 





\ Males* 


Females 




6.668 
(1.704) 
n=78 


6.616 
(1.739) 

n=81 


Main Effect for Subject Matter 




• 

Language Arts 


Mathematics 




6.762 
(1.702) 
n=79 . 


6.523 
(1.714) 
n=80 
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Table 6. 



Adjusted Means, Adjusted Variance's, ahd Cell Sizes , 
for Knowledge Items 
Main Effects for Type of Principle, Training, 
and Mode of Presentation 



Main Effect for Type of Principle 











Difficult 




' 6.832 
(1.110) 
n=79 




• 


6.454 
(2.256) 
n=80 






Main Effect for Training 




Training 






No Training 




6.736 
(1.487) • 
n='81 






6.544 
(1.948) 
n=78 










i 


I 


Main 


Effect 


for Mode of 


Presentation . 




Set 




One Ex^ple 


Placebo 




J6.820 
(l\396) 
n=57 




. 6.735 i 
(1.906) 
n=52 


6.342 
(1.802) 

' . n=50 



6u 



9 
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Table 7. 



- ■ 

Adjusted Means, Adjusted Variances, and Cell Sizes 
for Type of Principle by Txaining ' ~ 
by Mode of Presentation Interaction • 

Knowledge Items 



* 




Mode of Presentation 


• 


Set 


s 

' One Ej^ample 


Placebo 




Training 


'A • 7 Q 7 


t 


A Q/. 7 






(1.193) 


(0.858) 


(1.03^) 






, .n=15 


n=14 


n=12 


Easy 






f 


t 


Principle 








6.689 




No 


7.087 


6.753 




Training^ 


(1.138) 


(2.196) 


(0.668) • 






. n=13 


n=12 


n=13 




Training 


7.043 


6.594 


6.258 






(1.641) 


. . (2.889) 


" (1.445) ' 








n=14 ■ 


n=12 


Difficult 




' 1 n=l4 - 






Principle 








J 




No 


6.413' 


6.870 


5.515 




Training 


(1.596)- 


(2.168) 


(3.175) 


« 




n=15' 


; n=12 


n=13 
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Table 8. 




Adjusted Means, Adjusted Variances,^ and Cell .Sizes for 
Subject Matter by Type of Principle Int^Sadtion** ' 

Knowledge It^s ^ ^ 



. subject Matter 

—4^ ■- 



Language Arts- 



Hat hematics 



V 










6.750 


- 6.911 ' 




Easy Principle 


(1.595) 


. ■ (0.6-52) 




n=39 


n=40 






6.774 


• • * . 6.134 ' - 




Difficult Principle ■ 


(1.-850) r 


(2.549)' 






n=40 


- ' • . n'=4p ; . ; 

0 • 





** 



p. < -05 



• ' 0 » 
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dieted direction cannot be considered meaningful. ^ 

Tabled presents the meatf^ f or the sex by type of principle by 
mode of presentation interaction. Inspection of the means reveals that 
the interaction was due in^part to the" fact that for females performance 
was higher on the easy principles than' on the difficult principles while 
for males performance generally was higher on the difficult principles 
than on the easy :principles. Differences in the ordering of condition 
means within rows resulted in the three-way interaction. 

Effects for all 4~way and 5-way interactions were pooled and tested 
as a residual sum of squares. These higher order interactioas were' con- 
sidered uninterpretable and were included in ^ the design only to reduce 
the error variance. The effects of the higher order interactions were 
found to be nonsignificant. 

Application Items ' ^ * ^ 

Tables 10 and 11 present the adj|asted^ means, adjusted variances, 
and cell sizes for application 'it ems. 1 Raw score means with variances 
and cell sizes aret given in Appendix |H. 

, The analysis of covaxiance resu^zs are presented in .Table 12. 
Main effects for subject matter and for mode of presentation were both 

• !' 

found to be significant. Means for ihese effects and all other main 

t 

effects are presented in Tables 13 and 14. 

Inspection of the means for th^:^effect of subject matter (Table 13) 

i 

reveals that performance was higherffor mathematics principles than for - 
language arts principles. This finding is consistent with the statistics 

the data reported by Klausmeier, 

^ ' \ 

Sipple, and Allen (1974a, b). In that research higher percentages of 

.1 
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Table 9. 

t 

Adjusted Means, Adjusted Variances,* arid Cell Sizes 
for Sejc by Type of Principle 
by Mode of Presentation Interaction** . 

Knowledge Items 









Mode 


01 rresenuauion 








Set 




One Example 


Placebo , 




Easy 
Principle / 


7.3-55 
(0.857) 
n=15 


' i 
■ I 


7 .022 
(0.806) 
n=13 


0 . juy 
(0.977) 
. n=12 


Female 


Difficult 
Principle 


6.227 
(1.332) 
n=14 




^ 6.617 
(1.742) 
n=14 


6.107 
(1.730) 
n=13 




Easy ' 
Principle 


• 6.663 
(1.258 ) 
n=13 




6w474 
' (1.459) 
n=13 


7.092- 
(0.774) 
n=13 


Male 


Difficult 
Principle 


7.174 
(1.102) • 
n=15 




, 6;843 • 
' (1.418) 
n=12 


5.617 
(1.394) 
n=12 


** £ < 


.05 

* 
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Table 12. * ' 

Univariate Analysis of Covariance for Totfel Test 
Scores on Application Items 



Source 



MS 



Sex 

Subject. Matter 
Type (easy-d[lff icult) 
Training ^ ^ 
Mode of Presentation 
Sex X Subject Matter 
Sex X Type 
Sex X Training 
Sex X Mode of Presentation 
Subject Matter x Type 
Subject Matter x Training 
Subject Matter x Mode 
Type ,x Training 
Type X Mode 
Training x^Mode.' 
Sex X Subject' Matter Vx Type 
Sex X Subject Matter x Training 
Sex X Subject Matter x Mode 
Sex K Type x Training 
Sex x' Type x Mode 
Sex X Training x Mode ' 
Subject Hatter x Type x Training 
Subject Matter x Type x Mode 
Subject Matter x Training x Mode 
Type X Training x Mode 

Regression due to higher order 

interactions 
Error 



1 


1.035 


0.2901 




1 


17.430 


4.8860 


** 


1 


1.009 


0.2828 


• 


1 


0.355 


0.0995 




2 


13.990 


3.9217 




1 


0.658 


0.1844 




1 


21.320 


5.976*5 


A* 


1 


21.990 


6.1643 


** 


. 2 


4.751 


1.3318 




1 


1.002 


0.2809 




1 


0.812/^2291 




2' 


1.829 


0.5127 




1 


1.821 


0.5105 




2 


0.446 


0.1252 




2 


3.129 


0.8771 




1 


13.360 


3.7451 


•k 


1 


7.037 


1.8173 




2 


10.790 


3.0247' 


* 


1 


8.492 


2.3805 




2 


14.080 


3V.9470 


** 


2 


6.682 


1.8731 




1 


1.725 


0.4836 




2 


0.017 


0.0047 




2 


0.199 


0.0557 




2 


9.749 


2.7329 


* 


11 


6.918 


.1.9393 


** 



110 



3.5673 



** £ < .05 
* £ < .10 



Table 13. 

Adjusted Means, Adjusted Variances, and Cell. Sizes 
for Application Items 
Main Effects for Sex and Subject Matter 











\ 


* 

Main Effect for Sex 






Males 




Females 




5.254 
(4.069) 
n=78 




5.361 
. (4.363) 
n=81 





Madjci Effect for Subject Matter 



Language Arts 




- — ' - — »— ' r 

Mathematics 


4.982 
(4.775) 
n=79 1 


4 


5.631 
(3.464) 

n=80 



♦ J 



£ < .05 
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Table 14. 

Adjusted Me^ins, Adjusted Variances, and Cell Sizes 
for Application Items 
Main- Effects for Type of Principle, Training, , 
and Mode of Presentation 



Main Effect for Type of Principle 



Easy'' ' Difficult 



5.256 
(5.095) 
n=79 



•5.361 
(3.354), 
n=80 



Main Effect for training 





•• — ■ ' ■ -■" ■■ ' • 

Training 


No Training 






5.302 
(4.678) 
n=81 


' 5,315 
(3.747) 
n=78 


1 



Main Effecli^for Mode of Presentation ** 



>.Set 


^ One Example 


Placebo 


5.760 


1 , 5.345 


4,756 


(3.534) 


(4.141) 


(4.626) , ■....>. 


n=57 


n=52 


n=50 

• 


** £ < .05 • • 


• 
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i O 



68 



Children were able to answer mathematics principles than were able to 
answer language arts principles* 

The means for the effect of mode of presentation (Table 14) were . 
in the predicted direction. Subjects receiving a statement of the ^ 
princifple and a rationally selected set of instances performed fetter 
than subjects receiving only a statemen^ of the principle and one 

example, who in turn performed better than control subjects. However/ 

\ 

pairwise comparisons among the means using a Scheffe procedure appro- 
priate for analysis of covariance 



•1 



S = /(k-l)(Fa,v^,v^)/ MSg 



5^1+ f ■ 

^ n j (cov) 

^^E(cov)j 



suggested byScheffe (1959), revealed that only the group receiving a 
rationally selected set with the principle performed significantly 
better than control subjects who did not receive a statement of the 
• principle or any illustrative -instances ( £ = .9064, " ^3 1.004). 

The difference between the group receiving a statement of the principle 
- and one example knd the control group approached significance (S_ = , 
.4345 for £ < .10, ^2 " ^3 'v589). : - ' 

Means for the main effects .of train^ing on concepts and type of 
principle (Table 14) were not in thfe predicted direction. However, 
these differences were not significant. - 

• The interaction of interest,^ type of principle by training on 

r 

concepts by mode of presentation, was marginally significant (actually, 
£ < .07). Means for this interaction are presented in Table%15, . 
Because this interaction, was of central importance in the study, three 
-comparisons among the means x^ere carried out to test the specific 
hypotheses of interest. The first comparison com'pared the effect of 

ERIC '^''o 
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Table 15. 

Adjusted Means, Adjusted Variances, and Cell Sizies 
for Tjrpe of Ptinciple by Training 
by Mode of Presentation Interaction* - • 

Application Items 



Mode of Presentation 



Set 



One Example 



Placebo 



Easy 
Principle 



Difficult 
Principle 



Traljiing 



No 
Training 



Training 



No 
Training 



5.237 
(4.113) 
n=15 



6.354' 
(4.213) 

n=13" 



€.100 
(3.552) 
n=14 



10. 



5.453 
(2.278) 
n=15 



5.758 
(5.290) 
n=14 



4.587 
(5.071) 
n=l2 



5.313 
(3.477) 
n=14 



5.656 
(2.817) 
n=12 
> 



12 



4.351 
(6.051) 
n=12 



5.089 
(5.283> 
n=13 



4.861 
(5.902) 
n=12 



4.698 
(2.352) 
n=13 



£< .10 



ERIC 
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providing a rationally selected set with the effect of providing one 
"example for difiicult principles collapsed across training (Hypothesis' 
4a, « (x^ + x^q) - (Xg + ^11^* Th^ coinp4rison was not significant^ 

The second comparison compared the effect of providing a ration- 
ally selected set with the effect of pfeViding one example for easy o 
principles when instruction on concepts was giN^n (Hypothesis 4b, = 
jcj^ - X2) • This comparison was also not^si^g^if icant (_t = -.7396). 

The final comparison contrasted the effect of providing a ration- 
ally selected set with the effect of .providing one example for easy 
principles when instruction on concepts was given (Hypothesis 4^ (^^ = 
- ^5^^ This comparison was significant (t^ = 2.3317, £ .05). 
It can be concluded on the basis of these three comparisons that 
providing a rationally selected set as compared to one example made 
little difference for difficult principles. However, there was a ^ 
difference for easy principles, but only V7hen no training on concepts 
• was given as had been predicted. 

Three other interactions of mtoor importance were found to be 
. significant. They were sex by traii>ing on subconcepts, sex by type of. 
principle, and sex by type of principle by mode of presentation. 

Means?<fpr the sex by training interaction are presented in Table 
16. Inspection of the means reveals thkt the interaction wks caused 
primarily by •the fact that females performed better without training 
than they did with training, while males performed better with training 
than they did without. The difference between the means- for training, 
and no training for females (4612) and the difference between the means 
for training and no training .for males (•613) were almost identical • 



ERIC 



*. Table 16. 

i 

Adjusted Means, Adjusted Variances, and Cell Sizes 
for Sex by Training Interaction** 



Application Items 






Male 


Female 


* — 


Training 


5.552 
(4.-327) 

• n=40 


5.059 
(5.dl4) 
n=14 

J 




No Training 


4.939 
(3.709) 

. n=38. 


5.671 
♦ (3.612) 
n=4p 




** £ < .05 


r " •• 
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Means for the sex by type of principle interactioh are given in • 
Table 17. It is clear from the means that the interaction was due to 
the fact that females performed better on the easy principles* than on 
the diffiplt principles while males performed better on the difficult 
principles than or^the easy principles* This trend is apparent again 
in the sex*by type of principle by mode of presentation interaction 
(Table 18). The three-way interaptioji appears to have been caused by 
differences in the ordering of the means within rows. In all cases 
except male-easy the ordering is ^et > one example > placebo. In the 
case of male-easy it is placebo > 'set > one exapple. 

As with the kriovyledge items, effects due to^all higher order 

interactions were pooled and tested a residual sum of squares to 

remove their effect from the error vat^^ance. The regression due to 

'J 

the 4-way and 5-way interactions was found to be significant. However, 
as the higher order interactions were considered uninterpretable the 
cause of the significance was not investigated* 

Relationship of the Covariate to the Dependent Measures 

Regression analyses for knowledge and application items revealed 

/ 

^ that the effect of the covariate on the dependent variables was signif- 
icant in both cases (knowledge items: = 17.800, £ < .01; 
application items: = 9.449, p. ^ -01) . Th^efore, a significant 
amount of variance on the dependent measures was removed by- covariate 
adjustment. The correlation between the covai^iate and each of the two 
dependent measures wast knowledge items .44; application items •33* 
Apparently, the higher the subject's score on reaaing achievement the 

Q • ~ 

4 

better the subject's performance on both dependent measures. 

SO ' ■ ■ : ■ 
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^ Table 17 • 

Adjusted Means, Adjusted Variances, and Cell Sizes 
for Sex by Type of Principle Interaction** \ 

Application Items 



Sex 







Male 

^ - 


Female 




• 

Easy Principle 


4.811 
(4.969) 
, n=39 


5.689 
(4.958) 
n=40 




» 

Difficult Principle 


5.696 
(2.874) 
n=39 

«9 


5.041 
(3.679) 
n=41 



• ** £ < .05 



ERIC 
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Table 18. • ' \^ 

Adjusted Means, Adjusted Variances, at/d Cell Sizes, ^ 
for Sex by Type of Principle * , ' ' 
bj^ode of Presentation Interaction** 



^ , Application Items 



Mode .of Presentation ' " 1 \ 






Y Set, 


One Example 


Pl^qebo • 




Easy „ 
Principle 


6.582 
(1.417) 
n=15 


.5.916, 
' , (2.23^)1 
n=13 


4.32^^'^-^ • 
X2,530) . - 
n=^12 • ■ 


^Female 


Fifficult 
Principle 


' 5.317 
(1.849) 
I n=14, - 


'5.039 
, (1.851), 
. ^■=14 


' 4.7-45'' 
(2. 159) 
nfl3 /4>. ' 


At 
** 


Easy 

Principle 


4.801 
(2.356) 
n=13 


^ A.520 
(2.252) 
n=13 , . 


, • 5.113 \ . 
(2,219) r' 
. n==13 , 


' Male 


Difficult 
Principle 


6.183 
(1.493) 
n=15 


5.975 
, (1.559) 
ri=12 


'4.809 
' (l.a42) 
if=12 ' - 



0 , 
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Psychometric Characteristics of Tests . " 

Hoyt Internal consistency reliability estlinates (H6yt, 1941) were 
computed for each type of item (knowledge and applicatlton) on* the four 
tests using the PORXAP Test Analysis* Package (Baker, 1969)v These 
reliabilities and the sample sizes upon \fhich they are based are pre- 
sented in Table 19. • \ - , 

The reliability estimates are lower than is desirable. Brown 
.(1970) ha» listed several factors that can contribute to low-reli- 
abilities: range of individual differences, test difficulty, and 
length of test. Of these, certainly, one of the 'principal factors con- 
tributing to low reliabilities in the present study is £he test length. 
Each reliability estimate is based upon only eight items. High reli- 
abilities (.85 and over) generally require tests of at l^st 40 items. 
AYi inspection of subjects' performance on individual items revealed • 
that additional factor contributing to the low reliabilities was W 
test difficulty. Severa4rD*-*he items failed to discriminate ^operly * 
anTong subjects. These items apparently weife so easy that almost all 
subjects answered them> correctly. Indeed,^ for the dependent measure 
with the lowest reliability (mathematics - easy - knowledge) half of 
the:items were" answ^;;ed correctly by all subjects. Nevertheless, even 
relatively low reliaWlity estimates' ^an permit accurate conclusions 
concerning group means because reliabilities are based on individuals' 
peifformance which is in general more variable than that of group per- 
formance. 



Table 19. 

Hoyt Internal Reliability Estimates for Dependent Measures 



Dependent Measures Hoyt Reliabil ity Sample Size 

Language Arts; - Easy 

Knowledge •SS 39 



Application 



• 78 39 



Language Arts - Difficult 

Knowledge .67 ^0 

Application ^ .51 40 

Mathematics - Easy 

Knowledge .23 40 

Application .49 .40 

Mathematics^ - Difficult 

^ • ' Knowledge .59 40 ' 

Application ' .39 . ' 1° 

Mean Reliability for Easy Principles 

.Knowledge , .44 79 

r^\-r Application .64 , _ 79 

Mean Re^ability for Difficult • ^ 
• Priifciples 

^ Knowledge * .63 80 

Application •45 80^ 



Chapter V . 
^ DISCUSSION AND CONCLUSIONS ' 

This study was designed to investigate the effect of two instruc-* 
tional variables on the learning of principles. Tliese variables were 
instruction on the concepts related in the. principle, and number and 
type of instances used to illustrate the principle. It was predicted, 
based on previous results, th^t the effect of these variables would 
vary as a "function of the particular combinati^ of , the variables 
pre^sented and the difficulty of the principle being learped* Principles 
from two curriculum areas were used to increase the generality of the 

, - .' . i » 

results. Sex was also included as a variable, primarily to reduce error 
variance. ^ ' ^ ' ' • ! . 



Knowledge Items ' ^ *v / . • 

\ \ ' * , .* 

♦ - * * .* 

Results obtained 6if knowledge, items designed t0 test subjects', ' 

" ."^^ ' • . . C 

ability to recognize ,the statement <j£ a principle and instances of its 
correct .Application were genera^Lly dis:^ppointing. There was jio. sig- 
nificant ef fvecl^ for instruction on: concepts or ,f or number and type of 
instances used to illustrate the principle. Indeed, even subjects 
presented with the statement of a principle and a rationally selected 
set of examples and "'^nan examples perfomedjio better^ than control sub- 
jects^ The predicted interaction betweian type of principle, training, 
and mode of "presentation 'V^s also (fronsignif icant. * • • 



7» \ 



Two interactions based on knowledge item means were found to be 
significant. However, these interactions were not of central interest 
and specific hypotheses about them had not been formulated. The first 
Vas a subject matter by type of principle interaction. It was concluded 
onj^e basis of this interaction that after instruction the distinction 
between easy and difficult principles remined for mathematics 
principles but not for language arts principles. The second was, a sex 
by type .of principle by mode of presentation interaction. A meanine 
Interpretation pf this three-way interaction is difficult to formilate. 
It was apparent that females tended to do better on easy principles than 
on difficult principles while males tended to do better on difficult 

r 

principles than on easy ptlnciples. However, the two-way Interaction 
bjBtween type of principle and sex was not significant so this inter^re- 
tfS^Mn cannot be considered entirely justifiable. 



K,^ ~ The lack of significance on knowledge it^vil seems to have been due 



5Siai%'elllng« effect. The mean score across all conditions was 6i642 



/ 



(83.0%)r, and as mentioned above, there \^as no significant difference 
between treatment and control groups. Perhaps a longer test of mo^ 



than, eight items or a test of more difficult -items would have proved a 
more discrlminable dependent measure. However, because of the high per- 
^ formaiice of control svft>jects the preferred explanatipn jseems to be that 
subjects had some knowledge of the pririciRjLes^prior to experimentation. 

Application Items ' 

Results on application items in' general support^ the predictions 
' of the study. 'There was a ppialn effect for mode of presentation with, 
/ all means In t^ie predicted •direction. Post-hoc comparisons, however. 



revealed th^t only the group giverji -a statement of the principle and a 
rationally selected set differed significantly from the control. 
Apparently, if the difficulty/of.a principle, is not known or'not con- 
sidered to be relevant v'k^ rationally selected set of .instances should 
be presented when '^^ching a principle'. 

* : ' ' y " 

The interaction of interest between type of principle, training, 
and mode of prfesetitaJ:l.on. was found to be marginally significant for 
application items. * An ex^ination' of the means for which specific 
h3npotheses had been made revealed that for easy principles providing a 
rationally 'Selected set of instances was significantly more effective 
than one example when subjects received instruction on conce^)ts, but 
made no difference when subjects.. did not receive such instruction. 
This finding was in line wit^x tfie predicted results. However, no 
differences were found betweett;, a rationally selected set and -one example 
for difficult principles.- ;v ' ^ 

An/lS^rtant difference in teacliing strategy is suggested by the 
significant \main effect for mode of presentation and the training by 
type by mode of presentation intera'ction. This is that without instruc- 
,tion on the concept's related in a ^principle a rationally selected set ' 
should always be provided; however, with instruction on concepts one, 
example alone may be equally effective if the principle to lie learned 
is quitfe easy or - simple.. 

Three other interactions' for .which spe'cific hypotheses Jt^ere not. 
*made were also found to hk significant. All three included sex as a 
factor. The first was a sex by training interaction. It was caused by 
the fact that females perfoijned better without training on /ionpepts 



than they did with training while males performed better with training 
than without. Possibly females had more difficulty remembering and 
integrating the material presented in the Subconcept-Training lessons^ 
than- males did. The importance of the sex by training interaction and"- 
the factors contributing to the finding are questions to be answere4 by 
further res'earch. ^ " - . » 

9 ' • 

The remaining two interactions were sex by type of principle and. 

sex by type of principle, by mode of .presentation; . In general, the same 

-conclusion can be drawn from these interactions as was drawn'' from the 

significant sex by type by mode of presentation interaction for knowledg 

• < 

items. Females seemed to do better on. easy principles than on difficult 
principles whil,e the reverse was true, for males.- Again, the importance 
of this finding is a question for further research. . 

General Considerations ^ 

The difference between' results on knowledge items and application 
items can ^^xplained in at ttMst two ways. According to Gagne (1970), 
knowledge items as Refined hero^o not serve as tests of attained 
principles; only questions -reqi^ing the application ,of principles are 
true tests of "learning* Perhaps it is uhrealf'stlc to .expect instruc- 
tional conditions designed to facilitate the application of principles 
to al^o facilitate subjects V ability to recognize pri^cip^^e statements 
and correct applications. It may be that jdifferent t/rocesses are 
actually involved which require different kinds of Instructional condi- 

-^ions. . ' ' \a . 

A second explanation -relates to/the. gen eralW high level of 
' perf o^ance on knowledge items* .'As. indicatjSd abojte, a ceiling effect 



could*"have obliterated any real difference's between treatments. It- is 

important to note, however,' that even though subjects performed uni- 

formly on knoyledge items the experimental treatments did result in 

differences on applicJation items. It can be concluded from, this that 

even when students have. some prior knowledge- of the principles to be 

taught instiructional^variables can affect their ability to apply the 

principles. " / 

A surprising findiag was. the lack of significant jnain effects for 

^instruction on subconcepts. This contradicts the ideas of Gagne (1970), 

Ausubel and Rpbinson (1969), and Klausmeier, Ghatala, and^Fr^yer (1974). 

Possibly subjects were alre^y familiar with the concepts, or the 

deliberate absence of integration between Subconcept-Training and 

Principle-Training lessons rendered the inf9rn^tlon presented on the 

concepts difficult to utilize. Another explanation is suggested by the 
» 

significant aex by training interaction on application i£ems^ It may be 
that males ^ general would profit more than females from'prior instiruc- 
tion on concepts related in a principle. 

One of the minor questions of the study which deserves some dis- 

'J - ■ ■ . . 

cussion concerns the two types ol control groups employed. One control 

• -I 

read Subconcept-Training lessons and then placebp material while the 
other control re§d only placebo material. It was sugges.ted tljat . 
possibly the control group reading Subconcept-Training lessons would 
arrive at the principle inductively and pef f orm^etter on the dependent 
measures than the othe'r control group. .This does not appear to have 
occurred.. Although there was no significant interaction for training 
by mode of presen^tation inspection of the cj^ntrol grdup means reveals 
that tTie two groups perfonneci .similarly on knowledge and application 



items (knowledge: control 1 - mean « 6.602, control 2 - mean « 6.102; 
application: control 1 - mean « 4.606, control 2 - mean = 4.894). 

A final consideration concerns the way in which' "difficult" and 
"easy" principles were defined. ^Results from bo t]|' knowledge items, and 
application items lead to the conclusion that the easier prln^^^l^ 
for females were not the easier principles for males. How this 'relates 
to the finding of .a training by type by mode of presentation inter- 
action is unclear. The more important poiht, however, is that the 
terms "easy" and "difficult" should be operationally defined in terms 
of the particular group for which. instruction is intended. In this way* 
"student knowledge as well as^ any s6x differences could be noted, pre- 
'cisely for the designated population.^ It would be a relatively easy 
task fpr^a researcher or teacher to pretest a subsample of rhe target 
population on the principles of intere^t^t^gain this information. 

Suggestions for Further Research » 

Additional research to clarify the nature and importance of the 
significant interaqtions Involving sex has already been' suggested. The 
more -important area for fur,th*er researchs"^ howeyer, is the area of 
central concern Si tWe present study: the effect of^ the kind and the 
amount of instruction provided on principle learning. Further research 
cSuid* focus on such questioi^s whether the effectiveness of a ration- 
ally selected set of examples and nonexamples i? due to the variety of 
the instances or simpLy to the number of instances, and whether instruc- 



tion Dn^oncepts related in ^ principle that is designed to integi^e ' 

the concepts with^^bne another as they are taught (possibly by teaching 

*• * . ^ . • 

the principle and the concepts simultaneously) would be more facilitative 

/ * * , 

than the type of il^litruction provided In the present study. 



Conclusions 

The following major conclusions can be drawn from the results of 
the present study: 

1, In general, providing a rationally selected set of example^" 
and nonexampXes of a principle is more facilitative than pro- 
viding one example, 

2, For very simple or easy prjjiciples a rationally selected set* 
of examples and nonexamples is equally as effective as one 
example if preinstruction on concepts is given, but is 'sig- 
nificantly more effective than one example If no preinstruc- 
tion is given • , , 

^ 3. Eveniwhen students are able ^ idei^tify the statement and 
correct applications of a principle instruction involving 
training on subconcepts and examples of correct and ^incorrect 
applications of the principle can facilitate the students* 
ability. to apply the principle. 
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. • AB'STRACT 
The present study investigated the effect of two external condi-' 
tion6 on the'^learning of principles by children. The external ^ ^ 

, conditions were instruction on the major , concepts related in the 
principle and* the number of teaching Examples (correct applications) 
and teaching ndnexamples (incorrect applications) of the principle 

^presented with a statement^-of the principle. 

Subjects were 159 fifth-grade students of average ability and - 
socioeconomic status. Two principles from each of two subject matters 

' (mathematics and language arts) served as the content of the learning 
task.. One principle from* each subject matter was designated as^^easy^ 
and one as "difficult" on' the basis of previous research. 

The principles were presented in printed, self -instructional 
lesson booklets. Several versions of the*.booklets were prepared In 
which the instructional variables o€ interest wefe systematically 
varied. Variations in the type of lessons read by* the siiSjeets con- 

[stituted the experimental condition's. Mastery of the principles was 
determined by tests 'designed to assess subjects' knowledge of and • 
ability to 'apply the principles. 

In general a rationally selected set of .examples and nonexamples* 
was found to be more facilitative than one example, -although it was 
conduced that for easy principles providing one exaniple was equally . 
effective as. a Mtionally selected set yhen instruction on concepts 
related in. the prinfciple was also provided. Main effects for insttuc- 
tlpn on concepts related in the principles were not found to be 
significant;, the conditions associated with this unanticipate4 resvTlt 
were discjussed. 
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Noun 



Defitirition: A word that is the namfe of a person, plac^^ or thing. 

Relevant attributes: 1. word * ^ . 

2^ functions as thp name of^^e thing 

(person, place, or thing; » 

Irreleva^nt attributes: l\ 'number of syllables in word • - 

2. initial letter of , word, 
(3. 'whether capitalized or r^ot) 

.Rational Set: X* Examples,: ; • ♦ * ' ' ' 



Tom, 
beauty 
India 
2 • Nonexamol as : * 
tall 
barked 
iijunediately 
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Capitalize 



Definition: Word ^'tH^'t means t^ write fche first let4:er of a word in** 
capital' letters. 

V. ^ 

.Relevant attributes: . 1. word 

. 2. means to write t^he first letter of a word. 
" V , in capital letters 

" iifr^leVdrit -attributes:; L. ^.t^e'type of Wird that is capitalized 
• ,_- ,.J.r^'^ ' s^"'^' \*':: - —' ':'Xi-*.i.'-'r* length i part of speech) 

- ~ : '2'7:\'"position -io-.a, sentence of the /capitalized 

♦ .... * word , > . . 



Examples: 



Nonex^ples: 



Before 
Him . 
- Silefttly 

below 
r^her 
slox^ly 



< 



1 



. / 



-> 
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Proper Noun 



Definition: Noun that names a. particular person, i^lace, or thing, [ 

Relevant attributes: ^ 1. noun " 

;2, . names a particular persTon, place, "^or thii^g . • : 

Irrelevant attributes: 1, irrelevant attributes associated with noun '* 



Rational 5et: 



li;* Examples: 
'\\ Rags . 

) * Paris 
• I . Jane 
2. Nonexamples: 

city 
girl 
hill 



/ 



^ / 



/ 



/ 



- / 



/ 



1 



.1^ 



^ 1 1 d 



HQ 




ERJC 



Vy *\'H\: :} .i f \ \\\ 



I 



c -^■'f-^, .... . 



95 



> Common Noun * 



v.- Nr4. » > 



Definition: .Noun that names ^more than* ope person, place, or thing '/ I'J 



'f -.Relevant att^ributes:, - It noun ' • V ' , 

2. names more than onis person, jlacfe, or -thing: 

' 'Irrelevant attributes: irrelevant a^;tributes associated with noun ' 

1.,' Examples: 



/ ' 

4 



V 



RationaJL set: 



'1 ^- 



2^ . .Nohexamples : 



money 

state / 

doctor • ' ' ^ 

J V " 

President Ni>ron \'"s>^ / 
Baraboo // ' ' 
Fritos ^Y-'" ' ' ^ V 









\ ■ s " 






X 


\ • 

• \ 



\ 



4 



•if « • 
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Plural 



Rational set: 



Definition: A word that is used to show that orfl.y*one of something is 
meant. - , , ' ^ . 

Relevant attributes: ^ i. word - 

2. indicates that more than one of spme thing 
\* \ is. meant , , * • ^ . ^ 

Irrelevant attributes: 1. what the plural thing (noun) is i±.e.^ 

person, 'place,\^ing) 

2. irrelevant attribute§associated with noun 

' 3/ how the plural form is formed 

1. Examples: .< * 

cats . schools 
boxes houses 
bottles mic? 

2. Nonexamples: 

girl 

a . . mother 
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Singular 



Definition: A word that is used to show that only one of somethi\ig is 
• * meant; 



Relevant attrfl^uii^s ; 



1* . word • 

2. indicates that. only one of a^gthing is 
meant 



Irrelevant attributes: 1, what the singular thing (noun) is (i.. e^. , 

person, place, thing) 

2, irrelevant attributes jaqgociated with noun 



Rational set: 



1. Examples; 



>girl 
. box 



i 

bottle 



school 

house 

mouse 



2^ Nonexamples: 



horses 
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Definition: ' 



•Relevant attributes: 



Angle 

The shafpe made by two straight lines meeting in a proint. 
A. shape 

2, made by two lines- 

3. Tines must be straight 
* 4. linefs must" meet 



Irrelevant attrib'utesi 1. sise of angle 



2. length' of lines 

3. whether pai::t of^a closeJ figure 



Rational Set: 



4. spatial orientation 



1, Examples 






V 



2, ' Noriex^ples 





ERIC 



Side 



Definition: Any of the outside lines of a figure. 

Relevant attributes: 1. outside lines of a figure 

2.^ (any) 



Irrelevant attributes: 
National Set: 



1. number of sides 

2. type of figure 

3. size of lines (figure) 

4. orien^acion 




0 

X 



<- 



2, Nonexample 



• 


4 


i ^ 
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Triangle 

Definition: A figure with three straight sides, 
angles . 



Relevant attributes: 


1. 


figure 




2.. 


three sides 




3. 


straight sides 




4. 


three angles" 


Irrelevant attributes,:" 


\ 

1. 


size 




2. 


spatiaflL orientation 



Rational Set: 
^ 1. Examples: 




2.. fJonexam^Sles 




M16 



* . , Equilateral* 

Definition:. A word that means hav3.ng all sides equal. 

.jggui means equ^al , . 

latex:^l mgans side 



Relevant attributes; 



1. .a word 

2. means sides are same length 



Irrelevant attributes: 1. size of figure 

^ 2. spatial orientation 
3'# number of sides :* 



Rational .Set; 



1. Examples: 





2 Nonexamples 





117 



102, 



j!. 



Similar - , 

Definition: A word Chat means figures have, the same shape although 
they may differ in other ways (i.e_. . size, orientation) 



Relevant atti;ibutes: 



1. word 

2, means figures have* sajfie shape 

' 3. figures, may differ in 'Other ways 

I ^ (distinguishes similar from identical) 



•Irrelevant attributes: *, 1. size of the figu?:es , 

* . ' 2. orientation; of the 'figures ^ 



Rational Set: 



1. -Examples: 



. V A 



7/ 
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APPENDIX B 



SUBCONCEPT-TRAINING LESSONS 



ERIC 



/' 
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105 



» 

1^' 



WORD LIST 
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4" 



!• capitalize 
2. perennial 

I. , triangle 
4. proper 
5» singular 
6. similar 
7 f common 

8. equilateral 

9. plural' 

10. degrees 

II. particular 
12. angle 






ERIC 



X22 





108 



This lesson is dhout three words. You may alreadj^know something about 
these words, or^ they may be new^to you. Your job is to read th^ information 
about each word carefully and to try to learn it^ 

These are the three words you will read about ' la. this lesson;, 

1. ) PLURAL 

2. ) SINGULAR . ' * 

3. ) NOUN 



FRir 



123 



Let's begin with the word plura^^ the inf^r&atiop the box belW, | 



109 



It tells you what plural means, j . **! !jf'- 



'1 



Plur^al is a word t-ha^,ls'used to stiow 
that more than one. of something is ?t^ant. 



7 



i ' 1 



••• ■'/ 



For example , *d'f <I asked you -to v?rit§r'Jthet plural form of the word cat,''* 



you would write the,w6fd cats . The Word„cats means more than one cat. 



X 



/ 
/ 



Here is another example. If I asked yoir to write.'the .^xlural form of the 
word box, ^ou^ould^xifite the word^boxes. You would know when I said plural , 
I^ meant^^hat ,yciu' should write the word tha,t means more than one box* 




1. 



A- 



> V 




/ 
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Here are some other plural forms of/ words. Eash one shows tSiat inoi;e 
than one of something is meant: i 



bottles 
schools, 
houses 
mice 



• • * 



\ 



r 



12; 
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Now, to help you really understand what plural means, read this page.* 



Suppose I asked you to write }t:he plural form of the word mothers • . Would 
you be ^ble to do it?' No! The word mothers is already plural* It already 
means more than one mother* 



4 ^ 

Now suppose I said that the plural form of the word girl is ^girl. Would 
this be true? No! Plural means that more than one is meant. The plural form 
of girr is -girls. * * \ ' * 



SINGOLAI^ ' 

Carefully read- the information in the box below. It tells you what 
singular means. ' 



Singular is .a-^wbrd , that is used to 
show that only ohe^of something is meant. 



Singular is, the opposite of plural. Singular means that only one of 
something is .meant. Plural means that more than one of Something is meant. 

So if I .asked you to write the singular form bf the word^irls, you would 
write girl. And if I asked for the singular form of the word^boxes, youywould 
write box. 



12 ; 
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Here are the singular forms of the words on pSige^ 3. » gach one show$ 
that only onfe of something Is. meant; . *' ' 







1 T 

V. . 




> 

\ 




bottle* ' 












school. 






' ' \ 




house 












mouse 
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Now, suppose I asked you to wrtte the .singular form of the word horses and 
you wrote the word horses • Would you be* rigtit? No, you would be wrong. 
Singular means that only one of something is*meant* The singular form of the 
word horses is the word horse. 



ERLC 
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NOUN 



Now you are going to learn what the .word noun means. Read the' information 
in the box below. 



A noun is a .word that is the namie of a 

person, place, or thing. 
\ 



The important thing to remember "about a noun is that is names something. 
So any name xs a noun. . , 




116 
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_ . Look carefully at the nouns below. Each one is the name of something. 



' TOM- 



BEAUTY' 



INDIA 



TOM is the name of a person. 
BEAUTY is the name of a thing., 
lilDIA is the name of a p'lace. 



r 



o 



ERIC 
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Now test yourself and see what you have learned. Answer the questions 
below* If yiu are not sure of an answer, you may turn back to^ f ind out 
what it is . ' 



i 



1* Draw a circle around all the plural forms of words below. 



^ geese jungles toe 



"2, Draw a circle around all the singular forms of words below. 



fathers home truck countries 



3, Draw a circle around the nouns below, 

PEMUT RUN UNTIL NAIL 



13. 
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Here are the right answers. 



1., Draw a circle around all plural forms of words below. 



I geese ) 




toe 



/ 



2. Draw a circle around all the singular /forms of words below. 

r 



fathers 



home 





truck 



countries 



3. Draw a circle around the nouns below. 




RUN 



UNTIL 
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Lesson S~ND 



J Narae_ 



Date 



Teacher 



School f Grade 



Circle One: GIRL BOY 
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WORD LIST 



J.21 



1, capitalize 

2, perennial 

3, triangle. , 

4 » proper 

i 

5, singular 

6, similar 
7 • common 

8, equilateral 

9. plural 
10# degrees 

11 • particular 
12, angle' 
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This lesson isr" about two words. You may already know something about 
these words, or they may be new to you., Your job is to read the inforriation 
about each word carefully and to •try to learn it. ^ 

TJhese are the two words you will read about in this lesson: 

1.) NOUN 

.1 ^ 2.) CAPITALIZ'ED * 



13- 



Let's begin with the word noun . Read the information in the box b,eloW; 
It tells you exactly what the word noun means • 



A noun is a word that is the name 
o,f a person, place, or thing, N 



The imraj^ant thing ,to remember about a noun is that it names something. 
So any name is a noun. 



Look carefully at these words* They are all nouns, 
one is the name of something. 

TOM BEAUTY INDIA 

TOM is- the name of a person. 
BEAUTY is the name of a thing. 
INDIA is the name of a place,. 



I3.i . 



u 



:f 1' 
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* Now look at these words. They are not nouns. Do you know why? 




TALL ' , ^BARKED - IMMEDIATELY 



These words Bre/ripjt; u6uris because they do not name a person, place. 



or thing. 
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There are two kinds of nouns. There are proper nouns and there are 



common nouns* 

, 5 



A aoun is a proper noun if it names We pat'Mcular person, place, or 

• . >' • • . '- ■:> - 

thing. Por example, your name is a propfej;^noun. It names yout Here are some 
other pr'oper nouns. They are underlined in the sentences below. Each one 
names a particular person, place or 'thing. ' - " 



My dog /RAGS is happy. 

/ 

(RAGS is the name for a particular dog.^ 



I live in PARIS. 



(?ARIS is tKe name of a particular place,.) 



Come^'here, ,JANE. 

(JANE is .the name of a particular person.) 
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Here are some other proper nounS", Read each one careful ly"^*'"-^'^ 



PRESIDENT NIXON \BARABOO- FRITOS 



\ 



Jit ' 



ERIC 



14 ■ 
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A noun is a commbn noan if it can be used to name more than one 
person, place, or thing* For example, the word DOG can be used to name any 
AoZ. It is a common, noun. • • 

Here are some other common nouns* They are juinderlined in the sentences 
below. 

A CITY can be dangerous. 
I am a GIRL * 
I will climb the HILL. 



12^ 



Here are some other common nouns. Read each one carefully • 
MONEY STATE .DOCTOR 



( > 



ERIC 
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. CAPITALIZE 



Now read about the word capitalize in the box^ below. 



Capitalize rae^ns.. to write fhe first letter 



of a word in capital! letters 



^ Look at the words bel<Jw, Each one is capitalized, 

• • • . 

Before \ . ' 

Him 

* I 

Silently 

The first letter of each of these words is a capital letter. So these words 
are capitalized. 



1. 



ERIC . 
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Now test yourself and see what you have learned. Answer the 
you are not sure of an answer, you may turn back to find out w 



1. Draw a circle around thfe nouns below. 



7 



PEANUT . RUN UNTIL NAIL 



2. Draw a circle around the proper nouns below. 



TEACHER MISSISSIPPI CATS CAROL 



SADraw a circle around the capitalized words. 



subj eo|: New Freedom wall Airplane 



14 



Here are tiie right answers. 
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1. Draw a circle around the nouns below, 
PEANUT ) RUN ' UNTIL ^^^^^ 




2. Draw a circle around the proper nouns below. 



3. Draw a circle around the capitalized words, 
subject ^^N^^ ^Freedom^ wail ^irplane^ 
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LESSON S-EE 
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Name_ 
Date 



-T? 

Teacher 



School- Grade 



Circle One:^ GIRL BOY 



WORD LIST 



( 



r 



1. capitalize 

2. perennial 

3. triangle 
4., proper 

5. singular 

6. sj^inilar 
7 • common 

8. equilateral 

9. plur'al 

10. degi^^es 

« 

11. particular 

12. angle 
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This lesson is about three words. You may alteady 
know something about these words, or they may be new to you 
Your job is^ to read the information about each word care- 



fully and to try, to learn it. 



These are the three words you will read abbut in this 
lesson. ^ ^ 



1 . > ANGLE 

2. ) SIDE 

3. ) TRIANGLE 



151- 
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ANGLE 



Let's b'^^in with the word angle. Read the information 
in the boV beloyr/ It tells you exactly what the word angle' 



mean^i' 

/ 

/ 



An angle is the shape made by 

two straight lines meeting in a point. 



Now look at the figures below, 
angles.. 



They show four different 




The arrows are pointing 
at the angles. 
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I 

Now look at these two figures. 'They are not angles. 
Do you see why? Read on and finfl out. / • i . ^ 



/ 




/ 

f 

'lin.e^s do not -meet in-a point. 



This :ifs not-; an angle because 'the 




ThUs^ is not an angle because the lines 
are not straight. 



139 
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^ Now look at these figures • You can see that their 

sides meet in pbint to make angles* The arrows are pointing 
at^he angles. Each* figure has a different number of angles. 




This figure has three angles. 



This figure has four angles. 




This figure has six angles* 



154 



Not all angles are the same size. 



Some angles are big, like this oneX ^/^ 



Some angles are small, like this^ one. 



The size of an anglef is measured in degrees . Big angles 
-are many degrees. Small angles are only a few deg^pes./ Look 
^at these examples. ^ 




The angle the arrow is pointing 
at is 120 degrees. For 120^ 
degrees we can write 120^. 



The angle the arrow is pointing 
at is 10 degrees. For 10 degrees 
we can write 10® . 



SIDE 



The next word you are going to learn about is si^e. 
You. i>robably think you know what side means. But here we want 
you to learn a special meaning for the word .side. We want you 
to learn what the 6ide of a figure. fsV-^rSp read Qle /definition 
in the box below. 



Side - ^n)t of the- outside tlines of a figure. ^ 



To help you understand what the information in the 
box m'eans, look at these figures. The arrows point to their 
sides. . 
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Now look at this figure. The arrow is not pointing 
to a side. It is pointing to a line inside the figure. 
Remember, only the outside lines of a figure are its side 




The arrow is not pointing to a side. 



lb/ 
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Sometimes the sides of a figure are the same length. 
For example, look at the figures below. 




The sides of these figures are all 
the same length. You may measure 
the sides yourself to be sure. 



Sometimes the sides of figures are not the same lengthi 
Look at these figures. 




The sides of these figures are tiot 
all the .same length. Measure 
yourself to be sure. 
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TRIANGLE 



. Now you are going to learn about the word triangle. 
Read the definition in thfe box below* It tells ' yous what a 
triangle is, / 



A trjLangle is a figure with three stra>ight sides. 
It also'lia^three angles. 



Now look ^at ' these .examples of triangles, ^ 



■4 




These triangles' are different size.s, 
- - vAnd they, are all pointed in different 
directions. But they are all triangles, 
They all have three straight sides 
and tjii^ee angles. 



-2- 
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Now to help you really understarjcT what a triangle is, 
look at these figures* They., are noty triangles. 




This figure is not a triangle be- . 

cause it has more than three straight 

sides and more than three angles. It 
« 

has four straight sides and^four angles,/ 



\ 




\ "Now loQii:j.a*t -this figure. It is not 
a triangle*^ either ♦ Can you see why? 
It has only two straight sides and 
one angle* 



16u 
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Now test yourself and see what you have learned. 
Answer the qjuestions below. If you are not sure of an 
you may turn back to find out what it is. 



1. How many angles does this figure have? 



2. This angle is d egrees. 




3. How many sides does this figure have? 




A. Draw a circle around the triangles below. 
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^ Here are the right answers. 



1. Kow many angles does this figure have^ 



2. t This angle is 70 



degrees 



(1 



10^ 



3. Hou many sides does this figure have? 




4. Draw a circle around the triangl^|j§below. 
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capitalize 

2. perennial 

3. triangle 
4» proper 

/ 

5. ^ingular 

6. similar 

7 . common 

8» equilateral 

9. plural 

10. degrees 

Ik 

11. particular . 

12. .angle 
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This lesson is about ^ur words • You may already know something about 

I 

these words, or they may be new to you. Your job is to read the information 
about each word carefully and to try to learn it. 

These are th^ four words you will read about in this lesson: 



1. ) SHAPE 

2. ) SIMILAR 

3. ) TRIANGLE 

4. ) EQUILATERAL 



X 
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Let's begin 
in the box below 



SHAPE ' ' 

l^ith the word shape. Read the information 
It tells you exactly what the word shape 



means « 



Shape' - the way a thing looks 
because of its outline. 



.Now loofc at the\ figures below 



The shape of this 
like a butterfly. 




re is- a butterfly because it looks^ 




The shape of ^ this fi^Ur^ is lopg and thin because it lopks 
long and thin. 




Thd shape of this figure is round, (or a'circle) because 
it looks rourid. 

16b 



Remember, it is the outline of a\^£igure that decides 
what shape it is. For example, look at the figure below. 




Thi's figure has several shapes inside it. But the ^hape 
of the, •whole. figure is a- square. Remember, only the outline of 
a figure decides what shape it is. / 



16 



•SIMILAR 
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Now read about the^ word simi-lar ii^- the bb^ below. 



If things ,afe similar, it means that 

t 

they have the same shape. But they 
may be different in other ways. 



For example, similar figares have the ^me shape. But they do not 

I — — 

hav^Jl^o be the same size. And they do not have to be "pointed" in 
the same direction. Similar figures are almost, but not exactly, 



the same. 

To help you understand what similar means, look at the 
examples below* 



I 



A 



\J 




These two figures are similar. 
They are the same shape, but one 
is larger than the other. So 
they are almost, but not exactly, 
the same. , 

]• 
i 

if 

Next look at these figures^ 
They are similar too* They 
are all the same shape* But 
some are bigger than others, and 
they are all pointed tn different 
directions. They are almost, but 
not exactly, the same. They are 
similar. 



16h 
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These figures are similar. 



0 



.Sometimes when two things look exactly 
alike, like the two figures on the left, 
they are also called similar. 



Now to help you really understand, look at, these figures* They 
are not similar. Bach one is a different shape. 




Next look at these figures, 
a different shape. 



They are not similar either. Each one is 






Remember, if things are similar, it moans that thoy have the same shape, 

. 16j . • - 
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TRIANGLE 

' Now you are going to learn about the word triangle. 

Read the definition in the b6x below. It tells you what a 
triangle is. . * 



A triangle is a figure with three straight sides. 
It also has three angles. / 



Uow look at these examples of triangles. 




These triangles are' different sizes. 
And they are all poinited in different 
directions. But they are all triangl 
They all have .-three straight sides 
and three angles. 
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■ Now to help you really understand what a triangle is, 
look at these figures. They are not triangles. . 




This figure is not a triangle be- 
cause it has -more than three straight 
sides and more than thi;ee angles. It 
has four str^aight sides and four angles. 




Nov look at this figure. , It is not 
a triangle .either. Can you see why? 
It has only two straight sides and 
one angle. 



ERLC 
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EQUILATERAL 
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* Now you are going to learn what the word ^ 
equilateral means. Read the information in the 
box below. 



Equilateral means having all sides equal, 
equi means equal 
lateral means side 



Look at these figures. They are all 
equilateral because their sides are all the same 

lengfh'. You may measure the yddes yourself 

to check if you like. 
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Now look at this figure. It is not, 
equilateral. Its' sides are different lengths. 
Measure and gee for -yourself . ^ 
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Let's put the words equilateral and 

♦ 

triangle together. We get equilateral triangle « 

, Do you -know ^what an equilat^r.al; triangle is? * It is 

a triangle with three equal sides* Look atr the 

' figures below. < ■ 

r • ^ 



These are all. equilateral triangles. 
The sides of each triangle are the 
same length • 





Now look at this triangle. It is not 
/ ' ' • 

equilateral. Its sides are not the 
same length. 



.74- 
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Now ^est yourself .and sec what you have 



learned. Answer • the questions below. If you are not 
sure "of an answer, you may turn back to find what it is. 




' The shape of this figure- is a 



2. Draw a q©:cle around the "two figures- below that are 
similar. . A * 



» * 



3. Draw a 



circle around the equilateral triangles below. 






ERIC 
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Here are the right answers. 
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Language Arts^- Easy Prinpiplfe - 



Statement of principle: 



Subcpncepts: 



Relevant vat tributes: 



A singular noun names orie person, place,- or- 
thing. A plural noun names more than.qbe 
person, place, or thing. 



1, 
2. 
3. 
4. 

' 1.' 

'2. 



noun 
singular 
names 
one 




5, parson, place, 
•\hing , . ' 

6. pitbral ^ .* 
?• more .than one 



0 singular noun^ . f 
)) nai^s one person^ place, or* t\jiing 



Irrelevan 



t attTibut§ijt^* 



a 

a) plural rroun 

b) names more^Jihan one pe 
pr thing \ 




1. irrelevant attrfdbutes of noun 

2, whethet person, ^plaoe, or thing" is named • 
and irrelevant Attributes, associated vd.l;h 

' each af those * ? ^ 

3. how plural of^noun is formed 

4, how many person's, places, or things ore 
aed by plural noun . . ' 



Rationally selected set of examples and nonexample^: 
1) Examples 



V 





.J- 

ft*'"* 

a 

'♦6 



"a fan 



Washington, D.C,. is a city In the^United States 



Washington, D.C. , 'Madison, and New Yoi^ic^are 
cities in the. United States. * 



17 o 
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J 



one? woman 




2) Nonexanples 



one mice * 



'Rhine River 
Mississippi* River 
liile River 



*7 



three river 



« 
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Problen solving situations: 



1) In which group of words should an £ or an ojs be added 
to each wo,rd to make it plural? Circle the letter in 
front *of the cdrrect ■ answer , 

a. children, friend, table _ . . 

b. ball, mice, pencil ^ 

c. day, shoe, geese 

d. glass,' coat, committee 

e. I don't know. 



2) Look at the list of words below, some of them are 
plural nouns. Some" of then are singular nouns, 
/ Draw a circle around- all of the plural noun$. 



class 
calves 



men 



bed 



Language Arts - Difficult Principle 

Statement of principle: A proper noun is capitaj.ized. A common noun 

is not capitalized. 

Subconcepts: # 1. noun 

2» proper noun 

* * 3. capitalized • 

^ 4# common noun 



\ 



Relevant attributes: 1, a) proper noun 

\ b) capitalized 

1 2. a) common noun 
\ b) not capitalized 



Irrelevant attributes: 1. irrelevant attributes of noun « 

2. whether person, place, or thing is named 
and irrelevant attributes associated with 

^ . / ' each of those 

3. ^ position of noun in sentence 

4*r whether noun is. singular or plural 

Rationally selected set of examples and iggn^amples: 

1) Examples; That girl : is naned Kathy ; 

The largest states are Alaska and Texas^ 
The smallest planer. , Mars , looks red. 

* . 2) Nonexamples: I have three Dogs. . 

I live in^madison, the state capitol. 
- ■ ^ ' * " ^ *• 

Problem solving situations: * , / \ 

^ . ' 1) -In which group of word^ should ey^ryv^^^d 'be cap±€alized? 
Circle the letterjin front of ^hV^po^-i^ct answer. 

a. monkey, dog., nevada 

b. moxher, father, hope 

' \c. africa, lairry, 'milt^aukee 
• fire,' war:-, peacfe . , 

I don*t loiow* " , V : 

2) Look at the list of- tjons,ense words belov* Pretend that 

, Y they are nouns. . SoCe^are common nouns. Some are proper 
nouns. Draw a circle around, all of the common nouns. 

dax ^ V 

. ' ' Tas 

' »* • 

' ' : ' • Boz • * 
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Mathematics - Easy Principle 



Statement of principle; 



Subconcepts: 



Relevant attribute^: 



Irrelevant attributes: 



If the three angles of a triangle are equal 
in number of <J^^'^^^s, the sides of the tri- 
angle are equal in length. 

1. angles (three) 

2 . triangle 
3* equal angles 

4. number of degrees (of an angle) 

5. .sides . • 

6* equal length sides ' ° • 

1. three equal angles 

2. three sides of equal lepgth - 

1. irrelevant attributes of equilkteral 
triangle- | 

2'. the way the sides of the angles is deter- 
mined J 

3. the way the length of the si^s is 
measured 



Rationally selected set of examples and nonexamplesj 



1) Examples 






angle 'a, = an^le b' 



angle c 



' 2) Nonexamples 




Problem solving situatioas: 




Angles X, Y, and Z have .exactly the same 
number of degrees. Suppose that side ^ 
Is 2 inches long/ How long is side x? 
Cifcl':»*the letter in front of the correct 
answer, 

a. 1 inch 

b. 2 inches • 
.c. ^3 inches 

d. . It -is impossible to tell without measuring 

e, I don^t know. 




1 inch , 



Look at the triangle on the left. How 
long is side y?;. 

Circle the letter in front of the correct 
answer. . ' - ' , 

a. 1 inch ^ \ 

b. 2 inches 

c. it is impossible to tell without 
measuring. 

d. 1 don't know. 
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- Mathematics - 'Difficult Principle 

Statement of principle: 'All equilateral triangles are similar in shape, 



Subconcepts: 



Relevant attributes: 



Irrelevant' attributes! 



1, all 

2, triangles 

3, equilateral triangles 
4/ similar in shape 

1, (all) equilateral triangles 

2. similar in shape 



A 



1, irrelevant attributes of equilateral 
triangles . ' ' 

2, spatial orientatip'n of similar equilateral 

triangles ' ' . - 

3, size.S:.pf .simirar- equilateral triangles^" 
'U\ numberVof similat equilateral triangles in 

an array 



Rationally selected set of examples -and nonexamples: 



1) Examples 






A 




\ 






ERIC 
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2) Noncxanvples 
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d 




Problem solving situations: 



Look carefully at these 'figures. Are they similar in shape? 
Circle the letter in front oT 'tlfe correct answer* 

-J 



A 







* ^ a. It is impossible to tell without measuring. 

b. " rNo, only. some of* them are ".similar in shape; 

c. Yes, they are all similar ip shape. 

d. No, they are all dif f erent^si^es. 

4 

? It 

^ e. I don' t know. 



t 
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2) 




2 inches 



One side of this equilateral 
triangle is 2 inches long> / 
Suppose that therc>was a second 
^tr:^angle that was similar to this 
one. How long would one side of 
the similar triangle be? 
Circle the letter in <fi?oht of 
the correct answer. 

a. « 1 inch 

b. 2 inches 

. c. 3 inchel^ - ^ 

d. It is impossible to tell 
• without measuring 

e. l"^on' t *know. 
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Now*you are going to learn an important fact about nouns, 



A Singular noun names one per^cAa, place, 
or thing, A plural noun names mors than 
, one person, place, or thing 



Here it is: 



Read the fact in the box once; more. Now >ook at the figures below. 




0,7- 



a fan 

The word fan is a singular noun. 
It names only one thing, the 
drawing above. 




two, fans 



The word fans is a plural noun. 
It names more than one thing. It 
names 'both 6f the drawings above 



176 J ^ . ' ^ 

. • . Now look at these examples. * , 

Washington, D»C. is a city in the United States 

,In the sentence , Above the word city is a singular noun. It names only one 
pldce,, Washington, D.C. 

Washington, D»C., Madison, and New York are 
cities in thie United States. 

In this sentence,, the wrd . cities is a plural noun. It names three places, 
Washington,' D.C Madison, and New York. . . - * 




Finally, at these figures, 

Th^e word woman is a singular noun. It names, only one 
' thing, the figure on the'^left. 



one woman 




1 1 1 

three women 



The word women is ^ plural noun. It names more than 
one thing. It names all three figures on the left. 
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Now to* help y6u ,reaHy-un4ferstand^the fact on page 1 (turn back and read j 
it again if you can't x*emember what it is) » read the information beW. ^ . 



/ 



v : 




Is this a mice?. No! l^^s a mouse . ^ide is. a plural nouit. 



It ^lould not be used to n 





: Rhine Rivet 

Mississippi River 




Nile River 



^ "Are thescr things' toi^ether called a' riVer ? No >^ they are cabled • 
rivers." There are ^hree of them. ' T^ey should be named^by a plufal, 



\ \ noun/ River is a singular noun.* Rivers is a plural noun.- 
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Go back and read 'the fact in the box on page 1 again. Then read this 



lesson again carefully. -Make sure^!5u understand what the fact on page-i 



means . 



k . 



' l; 
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Lesson NDRS 



Name 



ft' 

1/ ' 
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Now you are going fo learn an important fact al>out nouns. 



HerB it is: 



A proper/* noun Is capitalized. 

A commqn' noun is not capitalized, 




Read the fact in the box once n^o^^* Now look at the sentence bplow. 
It contains one proper npbn and one cpnunon noun. The proper noun is 
capitalized. It is the word Kathy . The common noun is not capitalized, 
It is the word .girl . 



That gli:l is named Kathy, 



/ 



Next look carefully at this sentence. 

• / • 

The largest sta^s are Alaska and Texas. 

/ ■ • \ # 

This, sentence contains two proper" nouns and one common noun. 

The' proper noun's are capitalized. They are the words Alaska 

and Texas The common noun' is not capitalized. It is the 




Finally, lo^ll at this sentence. It has one proper noun 
and one cotomon noun* The proper noun is the word Mars , 

and it is capitalized* The common noun is the word planet , and 
it is not capitalized. 

. The smallest planet, Ifars, looks red. 



H^w to really -help you understand the. fact on page 1 (turn 
back and read it again if yo.u can't remember what it is) ; -look at^ 

• - 

these ^sentences. 



I have 'three Dogs, 



Can you see what is wrong with this sentence? The common noun is 
capitalized. It is the wotd- <^ogs . It should not *be capitalized. 



I live in ©adison, the state capitdl. 

Can you see what ds wrong with this sentence? The proper noun 
*. ' , 

is not' capitalized. It is the word Madison. It should be capitalized. 



'Go backhand read the J^act in , the box on page 1 again. Then 
read this lesson again carefully. Make sure you understand what 
the fact on page 1 means, \ • ^ 



5^' 



Now^you are going to learn an important fact about triangles, 
^ere it is: ' \ * . • • . 



If the thr^e angles of a triangle are 
equal in number of degrees, the 
fit sides of the triangle . are equal in 
length. 



Read the lact in the box once more. Now lodk at- the triangle 
belpw. 




fi) u\ 



The angles of tl^s triangle, ^labeled x, y, and z are all 
equal in number of degrees. ' So the sides of. the triangle are 
equal in length. If you like you „may measure t'he sides of th^ 
triangle yourself to check that they are all the same length. 
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Next •Idok'^carefully at this triangle. The angles of this* 



triangle are also* equal. They are all 60^. 




Because the angles of this triangle are eqvial. in number of degrees, 
the sides are equal in l^gth, Gheck if you like. 
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FinaMy, look at this triangle. . Its -angles are also%qual 
in number of degrees, so its sides are equkl in lepgth. — ^ • 




angle -a = angle = angle c_ 
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Now to really help you understand the fact on page ,1 (turn 
tack and reM it again if you can't remember what it is), look at 
these two triangles. 




All of the angles of ihis triangle 
are different sizes. So thS sides 
of the triangle are not equal in 
length. Heasur^^^ti see for your- 
self. 




Nov; look at -this triangle, ^gle a 
is equal 'sin^ize to angle b^. But 
angle is not; equal to angl6 £ and 
angle b^. So the sides ©f the , 

i 

triangle are not all equal in length. 
Measure and see for yourself*; 
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Now you" are gping to learn^an i|ripo^tant/fact abpiit equ'ilateral. 
triangles. Here, it is:- • / ' ' * * * ^ 



All equilater4r triangles .^xjk 'similar 
in shape, // 



—7-^ — ^ 



Read the .fact .in tli^ box once more/; Ncy&'^-OQl^^t ^thje. Equilateral 
triangles below, - * ' ' ' '. 



/ 




It is 



. stfape. 



'-'easy to see Ef^at ' theg^e^ equf^ateral triangles are' similar : 



• J. :-\- 



x\ 




Now to.he-lp you really understand the fact on page 1 (turn . 
i-bacVand'^J^d it ^ain you ,can*t remember what it is), look at 
'these figures, ' * - 



o 





The figure on the left is an equilateral triangle . , The figures 
on the right are not equilatefral triangles. It is easy to see 
^' that the figures on the right^and the equilateral triangle on the 
left are not similar in shap4. ' * 




23w ■ . 
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f-Go back and. read the fact in the box on page 1 again. Then 
reaS' this lesson again carefulV^ Make sure you understand what 
the facj::! on page 1 means. 




«4 
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In this bb'oklet you wilL^be as^ked to' answer . some questions. 
Sometimes you wiM be asked to circle*the Qorrect answer to a quesition* * 
^-"Sometimes you. will be asked to circle a letter in front of the correct 
answer. Here aire some examples • * ^ - , t * 

^ ^ . • . . \ . * < ' 

Example A ^ . , 

Look at the sentence below. If the sentence'is correct, 'circle 
the word YES, If the. sentence is not correct, circlje the wof^ NO,. 

y-; ' All boys are also girls. • ^ . VVES ' 

The sente^nce is not correct so '.the w&rd NO i§ '<:ircljed. ' , ' ^ 

V, ^ . '''' ^ - ' 

Example B * ' * ^^^^ 

How many minutes are there in one hour? . Circle the let'tfer in front- 
's/ ' ' , • ^ • - 0 * 

of the correct answer. . v . > ^ , • 



a. 10 minutes 
60, minutes 

c. 99 minutes 

d. 120 minutes 
e-.- L don' t know 



The correct answer is 60 minutes' so the letter "b^' is circled. 



Ej{ ample C " ' ' 

* • Look- at the drawings below. Draw a circle a\^ound 
t^at are pictures -of, living .things, 






The moose and* the bird 'are alive so they are circled. 



'General Instructions :. Read each question carefull^, .Then choose 
the best answer. Make sure you answer every question." Do. not 
skip questions. \^en you have finished one page, ,go on to the next. 

I' J ^ 

Do not turn back to pages you have finished. If ypu^ have any ques- 
tions, raise your hand* r- ^ . 



/ 
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Dir-ection,s ; Look at. the sefttences below. * If th^^ sentence is correct, 

* 

circle th-e word YES. 'If the sentence is not correct, circle the 
word NO. , * . ' . . 



1. The word friends is a plural noun. 



YEi NO 



2. The word triangle is 'a plural noun. 



YES NO 



3. The word mass is a plural noun, c 



YES .NO 



4. The word oxen is a plural noun. 



YES NO 
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5. The wprd side is a plural noun* 



Yt:s NO 



6. ^he word ladies is*a plural noun. 



YES NO 



? 



See the sentience below with the two* words ^^erlined^. 
•'That school has many windows ." ' ' • 

■ ■ ' •■, 1 ■ ■ . •• '■ 

In jthe sentence above, 'the word school 
(Circle the letter^ in front of the correct answer •) 
-4 * a* 'names one person, place, or thing 
« b* n^es many persojils., places, or things 

c, nahies a particul'ar action ' * • 
;^ d. names many parAcular actions 
e. I don't know* 
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See the sentence below with the two/words underlined. 



•'That school has many windows 

lit. the sentence above, the word windows ^ ^ 

* * 

(Circle the letter in front of the correct answer.) . 

• V » • 

^ a. names a particular action „ ' * \' 

*v - 

b.' names many particular actions . " ' • 

G. names one person-, place, or thing , \ 

d. names many persons, places, or things 

e. I don't know. * . ' ^ . 



A.' 



1 1 



hr- - . • '., < 1 ' - . . ■ .. 
fi,i/_ ^.fr ^. : ' \ .. . . \. ... 

'/' / /' ' " In which -Broup. hi- wirds shouid." an £ or an £S be j^dded to each word 
. •' * to make it plural?' Circle the' I'e.tter in front of. the correct answer. 

' ' . . g.^ bushe^^- fly, enemies 

^ . b. knife, loaves>. radios " ^ • 



. • c. bojf,'book, dress 

* d. .monk^eys, pianos ^' shelf 



V 

> 7 



I 



/ I don't know, ' ' 



■'■ • . 22.1 . '^-^^ 
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In which group of words should an s or an es be added to each word 
Xo thake^it plural?" Circle the letter in front of the correct answer, 

a, children, friend, table 

b. ball,' rsice, pencil 

c. day, shoe, geese ^ 

d, glass, coat, committee^ ^ 
•e, I don't kpow. 



■ ; \ ^ 
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Look at the list of words below. Some of them are plural^nouns. 
Some of them are singular noiins. Draw a circle around air of the 
plural* nouns,. 

class* 

* calves 
men 
bed 
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at the list of swords below • Some of them are plural nouns, 
Some if them are singular nouns • Draw a circle around all of the 
plural nouns. 



teeth / 

/ 

gas 

chief 

potatoes 



1 - • 
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Complete the following sentence using one of tn^'answers below. 

"A plural noun names ' 

Circle the letter in front of the correct answer. 

a. one persoi^, place, or \hing 

b. more thah one person, place, or thing 

c. one action 

. d.' more than one action 
e. I don't know. 



/ 



Complete ^he following sentence using one of. the answers bel 

"A singular noun names 

Circle the letter in front of the correct answer ♦ 
a* one person, place, or thing 
b, more than one person, place, or thing 



c* one action 



-more than one action 
e. I don't know 



p 



'4 
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In this booklet you will be asked to^answer some questions. 

Sometimes you will be asked to circle the corr-ect answer to'^a questioil. 

Sometimes you will be asked to circle a letter i^ front of the corT;?ct 

answer. Here are some exaruples. ' ^ • ^ 

t 

Example A • » ^ * •* 

Look at the sentence below. If the sentence is correct, circle 
the word YES. If the sentence is not-^corr ect , circle the word NO. . 

♦ All boys are also girls f J . YES. (NO 

The sentence is not correct so the word NO is circled. . ' - 

Example B ^ \^ ? ' * 

How many minutfes are ther.e in one hour?^ Circle the lettei; in front * 

-*• * ' » * 

of the correct answer. \ c 

♦ ^ 

a. 10 minutes % . ^ ^/ ^ ^ 

60 minutes - 4 

c. 90 minutes 

d. 120..minutes " • * 

s. I don't know - ^ • . ' 

^ ' ' ' ' [ " ' 

Tlr6 correct answer is 60 minutes so the lettef "b"~is circled. ^ 



> 
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Example £ - * * 

Look at the drawings below. Draw a circle around the ones 
%hat are pictures of living things. 




The moose and the bird are alive so they are circled. 



0 
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General Instructions : Read each question carefully* Then choose, 
the best answer. Make sure you answer every question* Dq.not 
skip questions. When you have finished one page, go on to the. next. 
Do not turn back to pages you have finished. If you have any ques- 
tions, raise your hand. '^^^ 




^Directions: Look at the, sentences below. Each sentence contains two 
^— p 

nouns, a common noun and a proper noun. One of the, novins is capitalized. 
If the correct^noun is capitalized, "circle the word YES. If the correct 
noun; is not capitalized, circle the word NO. To help you, both nouns are 
underlined. 



1.. His friends liked Tom very much. 



YES 



NO 



2. The cardinals lost the Game. 



YES NO 



3. My Bbys visited disneyland . 



YES NO 



4. Next Wednesday^ is my birthday . ' 



YES NO 
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See the sentence below with the two words -underlined* 
''The cars were driven to ?Chicago ." 

In the /sentence above, the Word cars 
(Circle the letter in front of the correct answer.) 
♦ a. names a particular thing 

b. names many things 

c. * names a particular action 

• * d. names many actions * 
e. I don^t know. 



I 



See the sentence below with the two words underlined, 
''The cars were driven 'to Chicago ," 

In the sentence above, the word Chicago 
(Circle the letter in front of the correct answer.) 
a. names a particular place 

s 

h. names nlany places . . , 
,^c. names a particular action . 

d. name^ many actions 

1 

e. *I don't know. 



r 



I • 



^. Jn wliich gr6\ip of words should every word be capitalized? 

^ Circle the letter in front of the correct answer. 
^ . ' , 'a. desks, churches, roads 

b. noun, verb, 'Adjective 

c. car, book, house 

' , d. j^hn, denver, lake erie 



? g..-I don't know. 
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In which group 'of words should every word befc-capitalized? 
Circle the fetter in front of* the correct answer, 

a, monkey, dog, nevada " ^ 

b, mother, father, hope 

c, africa, larry, milwaukee 

d, fife, war, peace 

e, I don't know. 



/ 
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Look at the list of nonesense words below. Pretend that they are" nouns. 
Some are common nouns. Some are. proper nouns. Draw a circle around all 
£>f the common nouns. ^ ^ 

dax 

* • ^ Tas • 

Boz ' • ^ - \^ ' 




225 



Look at the list of "n^jipsense wards^below. Pretend that they are nouns. 
/.^Some are common nouns- Som'^ "ate proper nouns. Draw a circle around all 
•;./^ vbf the common nouns ' * 



/- 



"erIc 



f 



/ 

/ 




Wun " . ' 
kol^ . , • 

^um « 
Poc 
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• Complete flie following sentence using one of' the answers below. 

"A propter nottr: '; ' . 

Circle the letter in front of the correct answer, 

a, a noun that aeaiiiS' iftore tha^n one 

b. not capitalized 

c •-recapitalized-- . ^ ' / ^ 

* ' ' ^ ' ^ '"^ 

d. the subject of a sentence 

e, I don't know.' . ^ 'y~:^Z . 
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Gomplete the -following sentence using one of the answers below. 

"A common noun is 

Circle* the letter in front- o.f the correct answer. 

a. a noun that names more than one 

b. not capitalized ^ ' ^ 

c. capitalized 

- »^ . > 

_d. the subject of a sentence 
e.' I don't know. 
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In this booklet you will be asked to answer some questions » 
Sometimes you will be asked to circle the correct answer to a questioh. 
Sometimes you will be asked to circle a letter In front of the correct ^ 

answer. Here are some examples. ^ 

> * 

Example A . ' • " ^ ' 



Look at the sentence* below. If the sentence is corfe^, circle ; 
the word YES, If the sentence is not correct, -circle the word^NO, 

All boys are also girls. ' , -YES fNO^ 

The sentence- is not correct so the word NO is circled.' ■ 

Example B- . * , 

How many minutes are there in one hour? Circle the letter in front . 

i • / » 

n , • • 

of the correct answer. 



a, 10 minutes 



60 minutes . 

c. 90 miniltes 

d. 120 minutes 

e. * I' don^t know 




'^The^^ofrect answ,er is 60 "minutes so the lett(^r "b"' is circled. 



Example C 

Look at the drawings below. Draw a circle around the 
that are pictures of living things.' 






The moose and .the bird are alive^ so they are pircled, 
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General Instructions ; Read each question carefully. Then choose 
the best answer. Make sure you answer every question. Do not 
skip questions. When you have finished one page, go on to the next'. 
Do not turn back to pages you have finished. M you haye any ques- 
tions, raise your hand. / 



c ♦ 
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Directions ; Look at the sehtences and figuras below. If the sentence 
Is correct, circle the word YES, If the sentence is not correct, 
circle the word NO-. jJse only the lniR)rmatlon given • Youfmay 
not measure the figures. |L , » ' 

1» The sides of this triangle ?are 

equal in length. yES NO 





The sides of this triangle are 
equal in length. ygs 



NO 




angle at - angle 



The sides of this triangle are 
equal in length. yES NO 




anglp. a = angle b = angle c . 



The sides of this triangle are 
equal Hi length. yes' , NO 

% 



Angles X, Y, and Z have exactly the same 
number, of degrees. Suppose that side 
is 2 inches long. How long is side x? 
Circle '^the letter in front of the cgrrect 
answer . ^ 

a. ' 1 inch 
I 

b. 2 inches " ' 

c. 3 inches 

d. It is impossible to tell without measuring 

e. I don* t know. ' 



24-' 
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Angles X, Y, and Z each have exactly the / 
same number of degrees. Therefore, side x 

Is ^ sld^ y . ' / 

Circle the letter in front of the correc't 
answer. / / 

a. longer than / 
« b. shorter than/ 

c* equal to ^ 

d, , It is impossible to tell without measuring, 

e. I don't knowi^' v . 



24o 
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The sides of this triangle are equal 
in length. What size are angles b and 

c ? . 
' Circle the letter in front of the corre<;tt 
answer . 

a. . Angle b is eo"* but angle c is smaller. 

b. Angle c is 60"* but angle b is smaller. 
• ' : c. Angle b and angle £ are both 60° . 

d. It is impossible to tell. j 

e. I don't know. 



V 
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Look at* the triangle on the left. How ^ 
long Is side y? . 
Circle the letter in front of the correct 
answer. . ^ 
a.. 1 inch 
b» 2 inches 

c, it is impossible to. tell without 

i 

measuring. > ' , 

I don^t; know. 



* I 

t 
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Look at the figures below. ♦ Some have three sides that are equal 
in length. Some do not have three. sides that are eqiial dn length. 
Draw a circle around all of the figures with three sides ^that ate equal 
^ 'in length. Use only the information given. .You may^ not measure. 






. ^ J 




angle a^ = angle b. = an£leV c^ 
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Look at the figures below. Some have three sides that are equal 
in length. Some do not have three sides that are equal in length. 
.Draw a cirple around all of the figures with three sides that are 
equal in length. Use only the information given. You may' not measure > 




4 



- ^"gl^ angle b 
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•-. ^-C^lpiete the follow,ing sentence using one of the answers below. 

"If \ ^ the sides of the triangle 

are equal in length." • • 

Circle the answer in front of the correct answer.. 



I? 



a.; the base of a triangle is equal to its height, 
t/. two angles o'f a triangle are equal dn number of degrees. 
cV the sum of the lengths of the sides of a triangle is 
an even number. ^ • . 

d. * the thr^e angles of a *triangl^' are equal in number of degree. 

e. I don' t know. 



4jf 
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Complete the following sentence using one of the answers below. 

"If the angles of a triangle are equal in the number o^ i^egrees, 

Circle the letter in front of the correct answer* 



a. one side of the triangle is Longer than the other ^ two sides 

b. one side of the triangle. .is shorter than the other two sides . 
the sides of the triangle are not equal in length 

d»^ ^he sides of the triangle are^ of equal length y 
e\ I don^t know. 
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in this booklet you will be askec^,to answer some questions. 
Sometimes you will be asked to circle the correct answer to a question. 



Sometim 



imes you will^be asked to circlie a letter in front of the correct 



answer. ' Here ^are sdme examples. \ \ ^ ^ 

■ ' , ' ' ' ■ ^ \ ■ • ■ * 

\ : • ^- 

Exarople k ■ ' ^ 

Look at the sentence below. If the sent'^nce is correct, circle 

.the word YES. If the sentence is not Qorrect, circle the word NO. 

All boys are also girls. ; '(^ YES 

The sentence is not correct so the word NO is circled. 



' Exanple ' • / • • 

[low many minutes are there in one hour? Circle the letter in front 
^of the correct answer. 

a. 10 minutes 
60 minutes 
c. 90 minutes 
V ' d. 120 minutes 

e,# I don^t know - * • ' 



The correct answer is 60 minutes so the letter "h" is. cincled 
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Example C - 

Look the drawings below. Draw" a circle around the ones 
that are pictures of living things. 
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Genei^al Instructions : Read each question carefully. Then choose 
the best aq^r • Make sur^ you answer every question. Do not 
skip questions, Wlien you have finished one page, go on to the next. 
Do iiot turn back to yfages you have finished. If you have any ques- 
tions, raise your hafid, * 



J 

Directionsj' Look at the sentences and fi-gures below. If the sentence 
is correct, circle the word YES. ^ If the sentence is not cojrrect, - 
'circle the word NO. Use 'only the information given. 



1. 




These equilateral triangles 
are similar in shap^. YES 



2. 





These equilateral triangles 
are similar in shape. YES 




equilateral 
triaflj^le 



24a 
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inches 



i 

One side of this equilateral 
triangle is 2 inches lopg. 
Suppose that there was a second 
triangle that was similar to this 
one. How long -would one side of' 
the similar triangle be? 

Circle the letter in front of 

.the correct answer. 

a. 1 inch - 

b. 2 inches 

c. -3 inches 

d. It is impossible to tell 
without measuring 

e. I don' t know. 
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Look< carefully at these figures. Are they similar in shape? 
Circle the letter in front of the porrect answer. 



i 

I 






a. It is impossible bo tell* without measuring. 

b. No, only some of them are similar in shape. 

c. Yes, th^ are all similar in shape, 

d. No, they are all different sizes, 
e« I don' t know. 
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The figure below on the left is an equilateral triangle.- ' 
Suppose you could blow up the small figures on the right so/that, » 
they were exactly the same size as the figure on the left. Whic^ 
figure on the right would then look exactly like the equilateral 
triangle on "the left? 
Circle the correct answer. 



1. 2. 3. ^ 4./\ 




equilateral 
triangle 



a. figure'JL / 
\b.' figurl^^- 2 • - 
X^c. figure;.*3 r^^: 

d. figure 4' - • 

r 

e. I don' t know. 
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This is an equilateral triangle 
Suppose that the triangle was 
made larger by increasing the 
length of each side by 1 inch. 



The shape of the new triangle 



drawing on the left. 
Circle the letter in front of the 
corre^ct answer. ' * 

a. similar to 

b. different from 

c. , almost the same as 

d. I don^t know. 



would be 



the 
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Look at the figures belbw, ' Draw a circle around the ones that 

» « 
similar in shape, * 
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, Look at the figures below. Draw a circle around the ones that are 
similar in shape. ^ 







• i 

i 




/ 

. . / ' ^ 
/ 
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Which of the figures "below are similar in shape? Circle 
the' letter ^in front of the correct answer. 




quadrilaterals 



4 




> 



equilateral 
triangles 



'V ' • e. I don^t know. 
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Complete the following sentence using one of the answer^ below, 

"All equilateral triangles are 

Circle the letter- tn front of the correct answer f 

a. not identical ' 
' b, congruent 
, c. similar in shape * 

d, the same *► ^ 

e, I don^t know. 



\ 



260 



ERIC 



258 . • . 

• Instructions to Students 

^ Hi, • * ' . 

My name is ^^^^^ and this is We are working 

with some people at the University of Wisconsin in Madison who y^^y\ 
interested in finding better ways to help children leairn. Today you 
will able to help us by reading two lessons and then answering some 
questions. Now, thefe is no reason to be*worried about what you \f±ll 
be doing; you are not going to be graded; the information's just for 
us. But please , do your best,, and you will help usMearn how to make 
learning easier for other boys and girls. 

We are going to pass out these brown envelopes now. In the 
envelopes are the lessons you \^ill be reading. There are many differ- 
ent kinds of lessons, It may even seem that yoCi are reading different 
kind^ of lessons from everyone else, ^ But don Vt worry about t.t because 
this is the way it's supposed to be, please don't open^your envelope 
until I tell you to, • * 

[Pass out envelopes, ] * 

0,K, Open your envelopes and take out the booklets inside. Don't 
ppen your booklets until I tell you to. Everyone should have a blue ' 
booklet, a green booklet, and a white booklet. Put the white booklet 
^'back in the brown envelope and p^^it oh the floor until later. • tS 

Now take the blue booklet and put it in front^f you, 'Tush the 
green booklet to one side. Now fill in the cover of the blue booklet. 
Write or prin^ your name-Cfirst and last), the date, your teacher's 
name, the school, and your grade. Then circle whether you are a girl^ 
or a boy, I'll write the date and the name of your teacher and school 
on the board, [Write date, teacher' s ,name, and school on boatd,] 
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Now turn to the first page where it says word list . These are 
sbme of -the words which you may find in your lessons. Because some of 
them may be* new to you,y4.,et's take just a minute to go over them. You 
read aloud with me as I pronounce each word. [Read each word with 
kids.] There may be other- words in your booklets which look new to 
you. , If you dpn^t know a word, raise your hand and we will help you. ^ 

Now you are just about ready to Fegin, but biefore you do, please 
listen carefully. Read each page in the first booklet carefully. Whfen 
you finish wi^li the booklet, pjiish 'it out of your way and put the green 
booklet in front olE you. Put your name on the green booklet and then 
begin re^ading it. Read it xarej^ully too. When you: have finished with 
both booklets but them together and wait quietly'until .everyone is 
finished. O.K. Now turn the page and begin. And please try to do 
your best. , ^ • 

[When everyone has finished, collectlesson booklets. Then say:] 
O.K. Now take the white booklet from your envelope. Put the 
envelope on the floor again. Put your name op the cover of the white 
booklet. Now turn to the first page and follow along while I read 
aloud. .[Read first "page.] Now turn to the second pa^e amd follow 
along again while I read ajoud. [Read second page.] • ^ ^ 

" You may work on this booklet f oA, as long as you wisli. When you 
finish one page, go right on to the rfext. When you finish the whole 
booklet, work quietly on something else until everyone else is done. 
O.K^ Begin. ' * • . / ^ . 

\ [When all stiidents^'v^e finished, collect test booklets, thank 
students; tell them they may keep the brown envelopes'.] ; 
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APPENDIX G 



ANALYSfS OF COVARIANCE ON KNOWLEDGE 
MINUS -APPLICATION DIFFERENCE SCORES 
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Univariate Analysis of Covarianee for Knowledge 
Minus Application (K-A) Difference Scores 



oourcc 




/££, 


Mb 




Sex X K-A 




1 


0.884 


0.2637 


Subject Matter x K-A 




1 


33.050 


9.8598** 


^Type (easy-difficult) x K-A 




1 


11.410 


3.4039* 


Training x K-A 




1 


1.960 


0.5847 


Mode of Presentation x K7A 




2 


3.592 


.1.0716 


Sex X Subject Matter x K-A 




1 


6.353 


1.8863 


Sex X Type x K-A 




1 


11.070 


3.3025* 


Sex X Training x K-A 




1 


6.716 


2.0036 


Sex X Mode of. Presentation x K-A 




2 


5.989 


1.7867 


•Subject Matter x Tyipe x K-A 




1 


2.600 


0.7756 


Subject Matter x Training x K-A 




1 


. 3.070 


0.9159 


' Subject Matter x Mode x K-A 




2 


0.590 ■ 


,0.1760 


Type X Training x K-A 




1 W 


0.024 


: 0.0071 


Type X Mode x K-A 




2 


2.779 


0.8291 


Training Mode x K-A 




2 ' 


7. 613. 


' 2.2712 


- Sex X Subject Matter x Type x K-A 




1- 


8.493 


2.5337 


Sex X 'Subject Mat?ter x Training x K-A 1 


10.220 t 


■ 3.0489* 


Sex X Subject Matter x Mode x K-A 




2 


12.020 


3.5859** 


Sex X Type x Training x K-A — 




1 


0.012 


0.0036 


Sex X Type x Mode x K-A | 
Sex X Training x Mode x. K-|i?| , 




2 


/I. 974 


0.5889 




2 


2. lis 


0.6310 - 


Subject Matter x Typ^ x Training x 
Subject Matter x T^pe x Mode x K-A 


K- 


-A 1 


4.124 


1.2303 




2 


2.348 


■ 0.7005 


Subject Matter x Training x Mode x 


K- 


-A 2 


2.882 , 


■0. 8598 


Type X Training x Mode ,x K-A 




2 


4.700 


> 1"^^021, 
1 


Regression d^e to higher order inter- 






actions, -'^ / 




11 


4.382 


1-1P72 


Error ^ . * \ 




110 


[3.352 


^**£< .05 4;,; '1;^ 






P 













A paired t test carried oulSyon the -difference between knowledge 
and application scores for each subjeht revealed that the two grdups 
of scores were, significantly different! (t_=8. 4704, df=158, 2.<.05). 
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APPENDIX .H ■ ' „ 

RAW SCORE MMNS, STANDARD DP/lATIONS, AND CELL SIZES 
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